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A B 2 i n AQ f 
lujfmm and »ti»«tt of ^ t a t e «to^ tm e»riN»% Xeaft» ttmsttvn* 
dto.t oaafiirie&ta te9&ti)^ «r» 4 d«t«elor of tins trp* w«i 
f irst dtalipaa lyr tiit Boelitetw? 0^ov» to atuOjr liisli •airir 
nooloer &iit«r{%etlo£ts la Utafjr a*t«litt* m-mi^Tt thny Hid not 
ooistime «ii% tMB toolmlf lio and i t iras f trtlier Aov^ lopoA 
e!3a&1)^ @ at »uslai2i» iiiroinift aai txilooia ^tituSfs to 
atu'Ss tim dilX0!r@iit fenturoa of h i ^ encri^ r mologr intometloaB* 
SIM study of liii^ oiittrsr ite^l^j^ liil«r@otloiui9 tfooorilwA 
in tMo tl8iil»» nao asio iis&iig ^a omaloioii olkeaiktr of IBT^O 
dotootiJig oviNi «cpefl«d to ooraio F^ JTO iit aa staoopiorto ioptli 
of 1.0 B^mT^ for $ hawen mxA 47 «liMit«o on^r l^ jriorslMUl 
Ciiomgnotlo Utitotfo 7«€^lt), laAin on tlio ^A of Awi^AH^ 
mm olMunkor oooolotod of turn onlto Ci) iittoetor oait* (U) 
I*ro4ttoor omit* Ibo dotootiH^ uolt oosfliotod of loyoro of 
••oloioao tmtmmgU oltorafttiviaur witli litftiqr Mtol Aooto 
of voryiag thtokiooooo, Bko s^odMor laMkit oenolotod of 
loforo of OMlolo» mtrajomi' oltorii&tivol/ »it^ Aooto of 
(U) 
ir«9liit«, fl» 4«t«etw>r ana ir«dno«r unit* wer« ttparattA 
tor tQ*t o» tiklAlc 8tyx«£»aui« Sba Umay attal, iiMi«t» in tiM 
««t»et«r a««r«aMa tii« mum^^^* rasAtatloa Itaglk of %• 
taodivn and tinrclQr eonOvavo tiM S«f<etop»tn8 of lil^li vmargy 
•l«otresiftgitMitl« MMsaOtn tetli 3.ftt«rfilljr aM ttiasitvA$MU^» 
mtim ^ ^9smX Mita of ttaolsSoisa i a IAM dotoetor uii^t 
of %• MMiioloa elb^taor, taoaar oaooK^ot w i^ioii OA flotol3io4 
oittAiiMitloii oBdor a «iiaro«et»90 oidiiMtod mditieoro otriietiirot 
mx% foQitfi* i»8t of llie tsitlUcoro OESoadio vtro dut ^ 
imeloar infeomoUen in tlio iet^tor tmit itoolf. Maoo Hio 
dotoowor ttiil^ and tlM iri&phlto p^ rodc^ ior tmita iioro Mpai^tsd 
lior 10*! 61^ of otTvofioamt a h l ^ oxtargr IsEtoraittloB oeotrriag 
i a H M iroduaiir oi^t gavo ri«o to oovaria a«ar jiarallia. 
eaooadoOff frMeUt la tlio dotoetor tuHtf WOPO «f«oo oo^Kratod 
aad wm. vofN»lf«d« Oal of ^^ eaooadoo of oa«'ir 2 ^ ^ ^^* 
ttfoalr iillEli oanriar (»iaii«d«8 imro fbuad to IMI aoooapoa&od 
Iqr oUtor oaaoadoo i ^ t o atperatioao froa H M aala oaaoadoo 
voro loaa tiiaa fow Haairoda of a&oroao, B M ^ of tlM aotr 
porallol, oloailjr opoood oaooado narotoaa* Horoaftor toratd 
as frapliito ovaata, atiro oarofitlljr furalaod aater a aloro* 
•0090 ia aof«K«|. oemlaioao of tho dotootor oidt aad tiM 
roliatifo dUtaaooo of mo oaaoadoo ia oaoli grailMlto ovoa* 
woro aooaratoljr dot«raiaod« Iroa ^toat aoaoaroaoado i t waa 
foaad tiiat t l» twoalQr ofoafto liad oriiriaa «oU iaaido tlM 
ir«9lilt« «tt&t«« But Moording to ««r ««l«otioA orittria 
iMHPt itt Vb» rmg$ 0«l.9 < SUi 3 < a«92 mwA total •MrftiOA 
is Uto foTtt 1^ r-niar oaiie»a«i «•£• ^ ^^^' ^ ^ ^ '^'^ * 
OB&jr fovrttift «fiiiiti m%i«fi«A tiUMM orit«ri«» m tto 
a«tiill«d uniil^io • » • ooafimd to t ^ i o fo«fftoo» ovtwto, 
Tim •mecgL9B of ^'Hj^to ownto iroro dotosrwlatd eitiMn* 
Iqr pitttoaolrio aotliod or tor trook oooatiiii aotliod* A plioto* 
aotrio aotlKid mm uotd to dot«i*»ii!Mi tlao mm^g$MB of oattoodoo 
> 470 Oov » tiMi troelE oomitiag sto i^od m&n oood to dotoraiao 
tlio oaorgloa of 1^0 oaoendto in t ie rciB9» 2 ^ ^ ^ ^ 
alwitt 700 Oe?« m tlio onor^ r®3l4>% \0litro ^ t l i et^ioao 
ooro oppliealftOt «o ooiq^rod tbolr onorar *«»IIMHI ojid tavsA 
t^t tho owrar oatiMtioii 1^ tboiio isothodo ««• ooiuiletoa^^ 
flood to inL iteeariMgr of ^^ot 2$ ^ • 
40 tbo iriatfy ittlor«ot&oBO rMpoaollfto for tiio graiiliito 
oiwsto ooro flot looatttMLOt in tlM iMiiXoioiio of tlio drupldto 
unity tiM troo dIroetioJi of tlM ^iaiar/ ooo«iio imar for oaeli 
oiRoal otts not IOMWA* fo dotoniiao HUlo dii^ootioa* i t io 
ooooMd HMt tlw inliraotioA hovo ooovrrod ia tiMi ooatrOl 
AagU of owdLi^tt 9» tiM traaoforao aomatiMi p^<^ vaiao ftor 
oaoh r-ror woo ooapatod, Vor r**rajro of traaooMroo aoaoatai 
J^  100 tUT/o tlio olworfod 9||. diotrittttioB io voU approxiaatod 
ilr) 
}ty ftii mLpttnoMiaX fnaotioB of tli* HMrat 
m •*? 
w1iir« 4 i« 8^  <»9i»itft&t» and i>^  • 310 liiT/o« ^bt atfta 
ttmimmfm mumutvm of T«^ <ur«t of iiXl tlio ensr^oo And 
ttioM tiilttoa in ttki angadtr rftmsi 10"*^  to 0^2 raflias 
WAS foiwd «o IM (221 •; 14) mY/e at tiMi aodittA oacrgr 
< E J^  > • 16<X) Oo?. 
Ill e&oU tnliraotioiiv tlio f^aetioiKA &iXiTgir f • ^JS &. 
for muh r««^ «»B eoiqpifloA aM t^ie diff^rontlfil diotrlotion 
for f > o«@» tilt spootviai«»» «oll roproowoted tgr « «iii^« 
oacpomntial of tto forn« 
AH 
fNi oxpoattttiml t«r« of ^10 tiWm o^ttatioa f i t , «Xf(«f/^ ^^) 
oaii bt trontfonwa to inliooto tlio olwriietmriotieo of Hio 
OMr«r diotrilNitioa la tlit c* !!• s^  fte iatofrol opootritfi 
of r«v«jr« MWHiinK tiuit nm diotri^tlen of pUm iA tiMi 
a« If, $• i» of tte tyyo. 
( • ) 
«lMir« 9 i t tilt tmatt^m ^^piTAlitf^ lA a«?/a Mid i ts 
rtkim ««• f«aa& »• $ • ^^l (ltv/«, 
2tMi iivwrAf* ttalti9i.ieity of f««ars wilrli in tlM wtAMnA 
MM<lt »m. D!ita»i4 <!. < a^  > • 12.$ t 2.6 J aiiA Hi. nfwrag* 
natiiOLioitr of pioas pex inltrAOtlofi was oalonltLtsA • • 
< »^ > - 58 • ® «t #; ^ • 1600 Cte?» 
X& turn ^oA w« aimaiiriatd tlie srinnry ooMiie ray •paetrtn 
witit tilt Ik»l9 of tiio iii«tir@l eiMTgr «9«otraa of iotooter 
•vents and found tMt i t oim tm roiproeestod tQf » fovor 3JH» 
witH mim^J^ "^ 1*$4 in tlio emtssf nmgfi (i«5 xx<pm%^3 xio^)aoT» 
0«r%|ft«A that «iw w»k 9r««o»tl«tf in IMc 
iS-iprli iftulJUi Cnivirsltgrt 
T2219 
jr«ii nm xreteetieii i|Mi#irft At OMMK Sear* t 
that AltMtitttibKttttM. 
DtfeiirtHittt •£ HufftiiWy 
ujm Of co»£ievfs 
<»I I« I«»—IW — • » » > — W H I N M I I I * * 
»Am 
!«]., m«t«ri«tia BsiQleiroaaft •«» I 
OoffiBle Kffjni ««» 2 
l,2«2«i»ir«r S9<»etraia of Brlsorgr 
l*9;i«oro«9 Sttotioa for JSAioloer 
Co* 111 0*0 I I «»« Xli 
I«9*2«Mi^til^ioi^ of sibmm 
?estti»fm «•• 12 
1.3,9,XiiolMi«ioJLtjr 2A Oollioioi»i»« 12 
1«3«4. imefOLSOP aLcferitottUoa of 
Shoirtr BartioHto ««« 13 
1«3*3* OiflvoaitlAtt of fiHioiPtr 
Partioloo ••• 13 
1«3«6« SroMforoi iiM»«ftiMi of 
OMMMT iNirUoloo • • • 14 
1,4. ariof SwMMffjr of mo 2liff««osl 
mdolo of iMott fro4iM%l0« •• • 15 
(U) 
wAm 
%m^»2^UMmm*m m^m, ••• I t 
l«4.4«Bim atiitr« atJi^  d^Mr 
M ^ U ••• 19 
l«5«0tik8P j^sfi^mtrnQ to tlie titeltr 
of m^ aniTir aiiu«ioii» m^ 
VFemnt lovesUgatioii ,•* 25 
2«l«X&tro4iiotl0Ji • * • 27 
2»2«l*cittlerl«itrie li»tlio4 £&t 
i^ EMTgy JstiSKitiea „ • 29 
2»2,2,li»a0«r«a»a« of Siiewtr 
lll«etrt»it iBwraiM IQT ^ i l t i f l o 
OoillfMdi JNmt««riag . « , 92 
2.2«3«JiMrar l i t laat loi i l«r %te l 
Brsok lAflfUi MitlioA »•« 99 
2*2«4,aMrir litlJiBtloB lor frft«li 
Qownt itotiti ••« 99 
2»9*aitlMitl«tt vf %MftA« wmmm 
i n «IM fr«Ma% IiRrtcli«ii,tioa*,. 44 
cm) 
FAttB 
2«9.1«0tt«il« of BiSigB of tiM 
flmtoMitir • • • 44 
of Sraoloi «•« 46 
2»4«Bitlttatio]i of ^^matsy of ^aieiXmss 
CaooaOoo , « . 91 
Z»%i»voT9 ifi antimtioa of ^^kMrgi«i««« 93 
^•I.Iiitroiiiotloxi «,« 94 
3»2,l}itaU6 of Booigii oaft ^poooroo 
of tilt mmmVly «,« 96 
93*Aligia(»a6 of mulaiom • • • 98 
9«4«SoaiiiilJii and HUtmim of 
Oftooados i a ^MiLoSosM «»• 99 
3«9*aiaoa&floatloa of iiftata «.» d 
9«6«Sol«otloa critoria . , • 62 
5»7,Bniiftara of lifoala J3ot«e««d «•« 64 
9*ll»0oUootiBi Foirar . . . 64 
QmSftm I f :£XF£HIIIil2AL RB:.1IX.2i 
4*1 •Zatrodaotioa , , , 67 
4»2«]&i9orla»aM JOfttalli «•• 68 
4.2a*Mfl«ioair of satootioa 
of %a9li&%o 9vo»«i «•• 68 
mm 
low ^^metBf tr<«ear QetmeMn^»m to 
4«2,9*isnir«r ]lBa«ar«i»«ftts of T'-riijr 
4«9»!2ra&i«i»res liDWntiin ai8tri)mtioii,«« 79 
4*4*2ii»?^ i'^jeotnm of l^ i^oXti^ ^ o.r 
astootov i2Pija$0 «,« B 
4,§,Br€^tlofiaa £<nar|Qr mstrilstmoti «•« IB 
in a. 
4*7»isyitiia.ioitgr of r-^ 'ears • • • 82 
^•taatrodttotioa ••• 89 
§«2«i>riwarsr Otomiio F€L3r® %imtrtio ,*« 8i 
^•9 , i ia t i j^ io i^ of t^^^B . . . 86 
S«4«si8Rwr|r of Booiiit* ««. 92 
iy?^ i;.afDXx 24 t iiMtMrftiitui of ccmtria iitafiitsr «^ 
C^UMMAOO , , » 94 
AjPilHHlJC ZB t mtonBla&tloii of mp GSerrootton 
JiRittfr . . . 96 
4i'^ B^mJC 31 % OoUvetiag ¥<oiPi>r« of tfac 4JBOO8II1JP,„ 9 t 
( • ) 
Iii1i«r<iOtioiia in ^tme^f BmilBPiar , .« 104 
Otiitro of yom&tvm £yr«t«n •,« 106 
nm^mmBu ••• uo 
Mutated t^stly of a aftxttr* of varioos ohargsA parUelM 
(aotfCiy •Xttrofis ) aaA tr«v«r«* BBLaelmtt tuiA OoMalliai' 
•iioiMiA that tills Bjbctiro of purtlelM oonstitiiles seooiiAcrjr 
rmAiM^oBs Tsaie&mA in naoioisf reastioas ia tte ^tooi^ero* 
naeAly biillooii b»firao pnrtielo dottetor fltrotens* eoflelusivoly 
•stftlidli^oa til t Qomaie rays £roia ont«r epfioo ooffiprim of 
protons aM oUtm weHthJIj e l ^ « ^ pevtioles of ^oat oonrglos 
s£ta t ^ pei'O'iitp.^ of ^ectrons <%&d V-^ ajre in ptixai^f ooaa&o 
re iiiation i s m^lgiMy anall C "^ C.X ^ of irotoas >• moos 
tho c^oaio rouftation ooi£Ld !» Glassifloil into two parts : 
( i) the ^$mtT^ oosislo raAlatioa iml&e&t on top of tho 
atj^ joai^ iero oM (11) t ^ seoonOari' oo@@le r^&lation pct^ameA 
in ttsB ati9o©:;bQa?©, tJssefiO. liiform^ .tlons on primirjf oosmlo 
rati ition c^ ® t^wa la tite followlasg e@otl£)iis, 
Oowalo re^s ere oaor^tlo ptf tlolos laGMent e& ttm 
oai th*8 ektmwptvete fi:-«»m oiiterspaoo % tho exaot souroos of 
eoonlo rajfs mm sot fot olOfirljr Ifientlflod* Intt tshojr «rs 
bolloiPOA to l»e ooetly of tfiOaotlo and extr»»^ftOtle origin, 
A w%% otoillsd sros la oosoAe riurs Is tlislr oei^^sltloii sua 
ensTgj spootra at ths top of tlio staoiy^lisrs, 'SSm ev&ll&tao 
laforaeition Is SBBsurlsod bslow :* 
1.2.1. qffajtftfigff 21 msBa 9sam &xt 
"Sim oonpooltloa of ptim^y oosolo rnym was studlod 1^ 
different ««^iiilqiit« 9mh at emlmm^ emaitloiui wM «lte%roiiie 
(S«t«etc»r8, m^imatf oomai» rays mmlet of pto^m^ a partiel««« 
and miftlai of Iittifjf •lomsnts* t?pto iron thi oompoeition i s 
mw «90tS. as^lili&liBa and tiioir r^atimi aHoadanooi, 
with roepoet to i^ roton flux era i^voa in tatidt l«l* flii 
flfixos of protone mXi a<»pia'tiol«s ut diff«ront ^oafegnatio 
iatltaaos are giimn in fa^oo 1«2 and X,3 r^speotivol^r, Hio 
fliisos of tmmy ixi^l^i 3 ^ B i 28 for difforont ^mrgy 
int^rvuXo tire :;iir«n in ^^a l.*4» itMiXoi of ©imienia boaviar 
tli@n iron w@n^  atlioo ol>ii®rv@d in ©scf^iiaenta using onoloar 
oimlsions oM oolid state traole dotaotora* JMir abondonoea 
4 
ao maeurad iQr i^anford at al« ora i^ven in i^l^e l»9, 
;l^ 3iOU|^  tl^^a i@ no definite mridanea mtxiut ttia preeienoa 
of anti-molei af^ ong griMsapy coesiio raya, an upper liiait on 
thair fXtaeoa lias tmtso. ylam& at 0*1 • 1«C^ 9f ttio firoton 
flax, BToportion of elaotrona and x^^^^o relative to proton 
fltat ia alioat 1 ^ and thay aaiady oonatitota tlia low anergr 
pert of ooeiiio ray flux, liiatrims are alao praiseat in priaery 
aoaaia raye tmt tlnir floxaa are net aell deteriained. 
lim enargy of tiia priaery eeaaia ray aaelei extended 
iron few mt to about lo^ ae?« erotom of eaergiea auoli greater 
than ^ 10' Oe? are expeoted to tie few in tlit prianry aoeaio 
raya ae ttiay im6i&rm eevere energy leaeea tlreiij^ treaetraiating 
aittwnt t«oltiilqiat« •ueti a« luiotteir •BtacLoat wM •l«e«roiii« 
d*%M«or*, i r i M r y oom&o riurs ocmaiet of protesWf a partielosv 
And noeici of luiavy tlonBiitt* tJpto iron thB eo^poBitlon is 
a»w ««U •stalfl.istatA audi tlMir nAatimi a1iiiii3iiiio«fe 
witli v«e9<iet to lifotoii f ins fro glvoa i n taliiL* X«l* !?iiii 
fXuxos of gcvteas mA a»98rtlol«s @t diff«rotit ^oabgoatlo 
iatitadao t^o glima l a ¥oH«8 1.2 aM X*9 re ip teU^ ly* flyi 
fliseoB of Jmmy iinoX«l 9 j z < as for dJiXoronl oiisrgsr 
iaterimlo are aUton i n tB,^% lA* ^lelei of eXmen^B tmecwim 
timn irofi w@rc' aloo ot»0®s^ v@a i a experii3i»iit8 uoiiig ouoloar 
ei^sioao csM oolid state traele detootore, lluilr aboManooo 
. 0 <»aan-ca 1^ li l<^«.d . t « l / « e ^«en tn & m . 1.9. 
;i^2toti|^ tlmra i s ao aofialte o^iaeaso aliout tlio protwaoo 
of anti«>i]«ol.ai ^mong priagrjr ooiaio rei^« an upper l&ait oa 
their fluxeit Ms 1»eta plaoeA at o, i * 1 * 0 ^ of tlie protoa 
fliaoc, Broportioa of eXeotroae aad t^rciys reXatiw to protoa 
fltix ie olioot X X ^^ ^^y aeiiAjr eoaetitote tlie low eatrgf 
pert of ooiNiie ray flixx, MtttrinoO ore aXeo jj^eeeat i a prlairjr 
ooeMfte raye Imt tKeir fXoxee are aot weXX ^terniaed, 
uza. SSS3M Mss&m &f msm Stalls a»i 
Tlie eaerflT of tte priaerjr ooenle rajr aoeXei MteaAed 
£rott few Mef to abeat XO^ Qe?, ivetoas of eaergies aaoli greater 
tliaa ^ xo' Oef ere eKpeeted to W fe« i a tte priaar/ ooeaio 
raye ae tlugr mAutm eevere eaeror Xeeeee ttveacli la^e»etraia«Ag 
lliH« l«l $ R«l«tlT« tkrmaA%m9m at tti« top of «IMI mUKfSHmr^, 
9t MflOA v«3rt aaol«i a% gMaigaitlA latitude 
J L II I'liii m will mm III iiiiiiiiMi| i i i ixwwiKuMiMiwiiH «i •»iiiin|i—iawiinmiii(,w[i> w 
6300 ' 900 ^ 5 2 8 i 30 10 19 a I 2^% 
' - — I •• * — " L _ _ _ _ „ ,. ^ —_., 1 . , • • _ . _ „ . I . . . . , II .i 11-11 111 II I nil 
{ i i 1 
1»I>1« 1«2 2 iilfsices of sTimTf gmtotm at (iirferent 
m m in «» wiiM•• mmmm^'m'i'Mmmtmmmim'mmmmmmmmmmmi <^m m mutimiimmmtmmimm wi»•!•»•mmimnnn —m MI M mmiW » 
Fro ton itQX GoonoigiMitie TortiOfa. out off ref«r«iiCtto 
( ia potoro) iiititiido Rigidity (or) 
-"~"*-^'~~-—"*—~"'^~——-r-nT--~ i r - . j ^ . . . ^ . . . — — —^, P^.—,.|.-r-,-1 .|i —,, rrr-rrr iinwiiiniu III M t i l l — • » 
9 5 * l« 
(l«Mr Xdttlt) 
« l • I t 
U O * 1 
U 3 • 1.2 










Saagiai ftt al J 
a 
Sikftt M afeaaVHV'iKi^ ^A s a t A M ^ ^ 
m 
nil t nMtytai m i a , 
MMWMMMMM 
AlptM iMKrtiel«« fiirtieal Cat Eef«r«i»«« 
0ff aiglilltgr(i»r) 
13.5 • U7 
17.9 • 1.9 
16.5 • 0.8 
90.0 • 1,2 
19.1 • 1.2 


















ijoaaA %t «1« 12 
iio Doacaa 13 
Bolnsutriiaaniav .8 
l.wmiianiMmiiiiiiiwiMWiiiiiimM—11 
1K!4« 1.4 : KLtuettt of ffPimity m&.'ty mtilol i n ooasle rejs 
MlMIMIMHWMaiM 
CSuirgi flroi^ I 
P l 5 0 » • / » < K.i&,pn m^/Yi j X.S.>575 ilif/ii. 
llasJLI&lsifiEsI 
wmmim»immmmiimmt*mmmtmm»mm>' 
I. (3 i Z J 5) * 
II (« ^ z < 9) ^ 
a ( l o j 2 ^19) ' 
Vi(SO< Z <28) 
MPMMINI 
2.48 • 0.28 
1 .97* 0.41 
1.48 • 0.27 
0.30 • O.U 
Tl«MMMMIM«>*«>WM«MII«B«MM 3.11 • 0.51 
^ 10.8« • 0.64 
* 3.40 • 0.41 
I 0.91 t ^•^ 
MawaaawM MIHMHMM 
!SaU« l»$ : nvoMB of fvrjr tmecfy imolel in eoviie rays 
(E« £• > I CtoV/molson) 
(Kef ; BlanforA t t al«^> 
HMIBIaHIMMiMaMMMM* 
4 | ^ | M l ^ # ^ g^raJF i««of j?»rUel«»/a^«st«rad*8«e« 
IS < ^ '* < '^ 
a < /; < 50 
51 < ^^. < 60 
61 O i < 70 
71 < ;^ < 86 
:J > 66 
-6 
( 9 * 2 ) • Iv ,•5 
(l.C I 0 .6) . 10' 
• 6 
-£i 
<Wi»—IWW* 1 * W i 
Ife-MLe 1*6 J r,a":m'w.tionf! on pfiiKxry ooKalo r^ energy epcotroia 
ixpomitt of tliji 
power law V| Coastast ^ 4 (ueV/ii) I^eferencoe 
MmiM«MMItl«IMMMIIIMinH»«l*>M 
1.5 
1.4 I e . lo 
1.4 4- 0,22 
l .45t <5«25 
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9reo«M« o«ar tliis irl4« rwam ot «JMrgt«8 aXl «roi9» of 
priwrjr sttelti (jrotonsi litUim mxA immrimr nmfl) Imr* 
*.*...! .^„ ^ . . . , « . « ^ . , ( > . ) . K, .-^ 
«li«r« ^g i s l£itt ialtnslty of purtio^ot of tlM i ^ flroup* 
&g is m mmstBM for 1 ^ greup* ^^ io ^^ totnH ooirgjr p«r 
nncXooii in Ot? aiid r^ ^ ttm powsr imm, for t ^ i ^ gronp* 
l&o vidHAS of is| ^i^ t^ O^T dlffisrtiit e^^^B ^otipo of 
oofsaie TB^n muS, Cor aiffcreat oaeri^' faa^s are s^^n i& 
(!•& - 1.75) in tl» rango ol* oaarar S^ S < ^ < L.XO^  OtV 
for a2.1 ^otyB of iaioloi« iflw inters!, emtgjf ^pootrom of 
a i l fo^loi itt t ^ ©aw?^ rBjage ittr • XOO Ootf ctm bo 
repr©ee»t«d by a i?of?0r t^m with m^ eicitemut f^  • 1,1* . Bi« 
opeotriai in %tm MJis&t 0ii@r^ rtgloii i s mt well looowii* lint 
ttioro i s i^Siertion tiktt i t agekin flattetm with an exponont 
^1,6 for eatr^tn ^10® GoY.''^  
iJlptiil sow wo imm disottontd tbt eoapjctitioii and 9mrgy 
epoetrtM of priaedr;^  eooaio rayn^ ^ r^idofitijf the oooMio rmym 
«ro tht ooljr sour00 of Mi^ onorigr psrtioloo, lb dotornim tho 
ooMTSioo of ^ o p«rtiel08 we anot kmw thm otmr' eteriotioo of 
M|^ oiMvigr Jineloflir intomotioiui of eooaio r«]r pertioios, 
S)»t tho Aotoiio of high oiMTgr aaoioir ijortsoraotiojui with nioloi 
firo givoa ia ^le foUowiag oootioao, 
Ottolitfttiwlj tho doooriptioa of o h i ^ oaoror mioloiff 
|s»ll««it* iflMMi « fa«t proton or m atvlroii liito « nuoloao 
i t aolMO « oolUoion vit l i a protoa or & aotttroii i n tlio 
ao^oiia. fkila proooao roM&to i a felio eroAtjba of mmlmr of 
now piTtioloo* Hit partioloo aaoooiatoa with tliis prooooa 
•TO onittoa i n R ctiaraoteristio t i n * for atroag intorftotioaa 
i«o* tino of ttie oraar of ^ iO**^^ ooe, Zf ttm t£«ratt jmoloua 
i « tm«93t ooooaOrT/ mM tertiscrjr oolliaioiui in tlaa nuoXotta 
nmf aloe ooooTf io&diag to a naeloen oaaooda imiA9 tlia 
targtt wiDlftaa n^ioli reatilts in tha oniaaion of (sevarai 
aiieXoeA8 til tit appraoialjilo •nnrgr* E^tia raaidtxal nnoleua tlsan 
w i l l |}& l e f t i n an axoitod atato eua& w i l l oooX ^wn ^ a prooeaa 
eallad avapt^ation, T^a eviaporution prooeaa lenda in a naalMr 
of alov liaavily ionl ^ing pertiolaa i n tiina ^ lo*"^ aeoa« 2tisa 
in a nttolaoik-diuelatta eolliaionf ttaa proaiieaA pertiolaa oan ba 
olaaaifioA into tisraa ir<»u9a« 
(a) Bife m^m mmin 
Siaaa poortiolaa aitiioli m% alao oallad aliowar portiolaa 
aaMiata af raiativiatio ataonat liarparona» unA teryon antilinrjron 
paira aaA «?•§ in gtaoroit aaittad withia a awrov ooaa witli 
ra^paat to tiM Atraation of tha iaoidant pnrtiola in tlia 
iaiMrntorjr lyiiaM S tlMi nnglao of tlto oona daoraaooa aa tha 
a a » i r •^ ^ ^ irlMary yortiala iaoraaaaa. on aeooaal of ttiia 
f«a(t«« at MMTilaa ^ i o ' QOV» tbaaa inttraoUona ara 
vaffaroA ta « • * #«ta *• 
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tbmm ptrtiel«« ooii«i«l of a oaBoada auolMm ana 
«r« f»ntr«Uj «•!%«•& in tlM fonperd IwaiqpiMnrf} in tto 
lalM^atorjr ^y^on tut ^ m ^ eeiUaati^^ ia taea proaoaa^A 
%tmM tliat of 0li0»«r iMrHoio*, 
M m mm mmm 
Hmm 9airtioX«8 eonsittt of irotoiuit <»»|NairtieXe8 naa aono 
tlM® litattf iiiis»Iti» fimem tmet^riXf leal zing ^rtloloo @r« 
&lao@t Isoterople in tlit laluratorjr i^tfton. 
XB addition* I t !i£)3f bo matioiita, ^mt in case of ^aaoiag 
oollialoa of rstatlviotle hamry aoolouii iiilth, t^mtimr aneletioy 
ttm laolioiil i)iK}3.«ttOt tlroiij^ tt» evuporrtlon prooooo la I ts 
owa root w^t^m^ of toa WmMm n^ lato a aorrov IMMIB of mearly^ 
ooateaMTittlo irotoaa* atatreao* o i^portleXea aad taoavlor 
l^apMato* Ibii oatrgy par auelaoa of ^m traak vp partloloa 
la alaoat mm aa Hiat of ttia lattldMil Oi^aoa* I f tbe Iraak v^ 
paartlolaa eeai^ii oadf #f «»parUel«i tbaa t^ mmttff and eiiwgo 
of UMI laolAMil molaiia oaa too aallttatad, 
Xa aa ai^orlatalal ata^y of tlia lilgli aaorar aaoXaar 
latvraotleaa i t la lapartaal to ebtaia Inforoatloa about 
taa folloaiag fMraMt«ra« 
<a) croaa aoatloa for anaiaar ooUlaleat 
(b) MttltlsiLloltjr of ilioaar partloloa* 
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(4) jumi^9St iittribatlon of liicHMa* pflirtl«l«t» 
(•) Cto«p»8iti«ii of i^ iiwfir 9«rtloi«»» mtA 
it) ^eaawmm a&iMntaii «f abownr iiiaarUoiMa 
In m b l ^ emapgf emt^eit liilerai»tioiit ttm aboTt paraMtters 
laot aidjr d«pmiA on thv iriaarjr emspgy Wt also en tbt i^psot 
pi^mmim «f i^Mi oollisioti euid on %h» wmchtatltm of naltliao 
partielo prodaotloJi* AiriRllalilo ojuporiBootal. iiiforsifitlon on Itto 
alaovo psramotfro i s mammattmii, e^Xovr* 
mo oreos neotloii £ ^ as ioiiastio amoloof^imolooa eolUeloii 
teis boon f^uM ^ b@ oonotaal at a voltie ot oliotit (^05l) mb OVBF 
%hm exm^gy vmm il^^W) ^% '^tusi vosft-sttotiQji for olaotio 
anolooa-imelooa oolUi^oii Is "^  9 ^ In tho raiigt of onsri^oo 
9^25 Qo?, fltt orooo oootion for iwlaetio iaael.ooii»]ioolOQ8 
oolXisioiio iHto boon found to bo tlio mm m tbo fitonotriooX 
orooo oootioii*> % r | A ^ for A 2 20 J «^ ioro r^ • l»26 X lo**'o« 
{Mmtatm ot nai,^}. At otIiX higbtr o n i r ^ o tboro «ro oont 
laOiootiooo tliat tbo ioOlaotlo OKooo oootloo Mjr voaoiao 
oo«fl«al» BooonUyt toteA «rooo-oooUoiui lw»o btoa atooivoA 
ot XSR oaorgtoo ooA i t Imo boon ootobli^Md tbot botb tlM 
JumflOolio ot o i«^ waoiroa thot at WMata bo i^oott 291 OoT/o 
audi 1480 OoT/i^ * 3bo totol; aoolooa-Aoeioon orooo oootioa 
iooroaooo f^ roa 99 Hb to about 49 ab* 
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flostwtiotis 1& tiks «ttl.tiiaLieiti]r • ' i^ iowvr pmtiolw, HMT^ 
i s ooii^dsratd* (lif«r*l«|r of e9«iiL»f»i rtgording tlit dtpsniltiiot 
of ffinltipljloi^ on tile jjriKrjr •an^ltr o^ >^> ^orticls iaftoQiiig 
tbe int«ra4)tlloa* Aoeordliig to fer&i*ft one eentro nodol of 
matiiilt sim'tiolo prodootloa tlio aoltii^lloitjr :r» Terioo as 
<^'^ wbsro K i s t1» sBPimsxy •msfgr^ At oiMrgiefi^ XO^ CSs? this 
typtt of Aopodioiioo i s 8ti%*ortsd iQr a mmlMr of exporiaoiits 
(iititliio St a l , ^ » ^ ) . ilswoifSf't at r s i a t i w ^ low siurgiss 
(v^ a f«w teas of OoV )i i^ers mUtiiilieitiss ars low (^3}» 
isottssf p^ oAiaKitioii ftttSBS to be a doialiiatit ^roosas in th» 
iSQlti^o portiols prod«otioa* HdtOtiidcsr et al*'^ ^ oonol^ioa 
tlif^t ill is»elsoa»xnol«oa oollisioaB* ooO^tiidioity i s proportioml 
to log £ ia tilt range of smrsr ^^v 16 ^^* to 2»6 K l o ' OsY. 
Fstsr St ^ . ^ prsdiotsA a dssisadisiiBs of tiie forv M • 4»75*^ E^ '^  
taJeiiig into aeoooat tfts diiNiet 9«rtiols prodnotioB as woU as 
ttrougli isolk^re* fliis i s i a air«aa»at witli ttis sxpsriasatsl 
vsstflts ea seaisoa-aMlsoa iatsraotloas in tbs sasrgy raasi 
(24-*2«lo') OsY* At higliinr sasrgiss* ^is dvpsaAsaso of aulti* 
plioity oa •matwf i s aot wsU sstattlislMid* tiMioifsr« taers srs 
soat oviteaoiNi ^lat tte onltiplioitir iaorsasso irattisr rapiiljr 
ttaaa tliat givsa ly i^ ^^ las or loiMrttado Isa*'^ 
^•'•'* iiSl^dlSllI U Sliljffflffff 
Aa iatlasiisitjr of a solUaioa i s 4afiasdi as tbs ratio of 
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paoptiA^B to tlM total tumrgf aimUotHo i s ttio ooolro of 
wioo mroton* Dio soon ItMtootioitir in nuelooiwiineXooii 
ooilioieno oiwr A wifio mmtwf raaat Xioo in ^lo raaio 
(0,5 - 0«9)« IMS coaolt i s iNMMd 1190JI tHo ozporiiaoatal 
etudioo porfovnwd at aaoitiiio aiid oonBAo rayHtiwrgioo* 
l«3*4* Angtggr |il»tri»tttion of ^bi»mm PirtioX^ 
HiB an^isT diotribation of mwiti&fXf partioloo in tiit 
0, :^ « ^atem liae booa fetmd to vmrjr wiAol/ tt^m oirontto ovont, 
IA goaoreilt with iaoroaoiisg irisursr oasrgf ( 2 to^ aoV.)t tho 
9@eoMfiri€»8 ^ 0 oftOB fofiM to ^ ^sittta iisnaootrieelljr in 
omrmi ooao® in ttio fo3fWi-?rd aM lutolaiiird dirootions %n t)w 
c* ^ ujratois, iS t^i fo^t^ro of assGilcir Oiotribation tmo lad ^ 
a iHiB i^r of aut^ora (i^eooiii ot ©i»^ «^ Oiolc at @i.^» mu at al«^'') 
to prepoaa turn eoAtra nodal for liigli 9mtjsf imole^ iateraotiona. 
liowafart in aowi oaoaa Qriaorova at uO.,^ o1»aariaa an aasnaaatrie 
diatrilmtioii of mwnAs»w prtiolaa in tlia C« 14 ^ataa* 
n a prafartioa of jiioiia aaong tlw oraatad portiolaa ia 
fomd to ba ^ 7i J^  and tbia fifiara ia aoaatatit oirar tba raJiMp 
•f ptiM^W amrgiaa f^ roa a fa» Oa? to at loaat ^ 10^ Oa?* 
mm vast af nim yartiolaa »• £-«aaaaa, MrfOtt-astilMryoa 
9aftr» ata* At iriMvy mmegg > M$ Oa?» ti» ratia of Xaoaa ta 
flaM ia ^ 0*1 and laaa aot aaaa ta Yarjr «ttli aairgr (Ooaaaai 
at a3l,'^)» tmmm ^ a&*^ Iwfa tltmm fraa l u aapMriaaata 
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» « « ^ t to i^ &»ii» i» ^ 0*1$ at fMr tliDiWfiJiilt et ({•T, Shis 
hftv bMii ooikfirata lir ll» «X9oriiiBiil0 at xm «iitrgl«*^« 
liRlliD^ a^ audi Bai^ MuT^ team ansilyiiis of ooiaie r«ar data of 
QiKTssr^  5 X le^ (^v, lusfi di»ttiio«4 a v^ne of 0.16 for ^ o 
sroportion of etear^ EOd mia tmotral Kisoiui esmng tim eoconAarar 
p^tioi.00, 
l*3*6« 15raia>y<acr*eo jgaontiin of j^owjn? Fertjotoo 
* * * •> M«iii iiiiMi6in»ni|iiKS iinWiiiiamiMniiigiw mum « * S 8 I M M I M W fciiiSim mmiSmmim 
iSie aiior^^ trantivwss raosi^islm of moot^ry partiolos in 
£m$3.eofi-imol®oii coiUeion ie aoorly eoiMtant or vi^iao ocOy 
@lo«?ljr with th© iirim i!ar ©nergy. It i s Mailjr io&Oiieiiaoiit of 
tlio mati]p»iioit3r ana t£i8 t o t ^ enm?^ in t ^ eoatro of moo 
njrotaB, 3!li0 aiotribntioa of pioa ttmtmvrm mmw^vm i e woix 
apiroxlnated t^ tlio fbraodHf 
• C^ AAt. ooq;) {m 9^p^ ) fOP »^ ^ 0,2 OoV/o, 
wImBPm p^ io a eoBstaat, BM tnuMnmrot w»Miit«A dis^ibutioa 
of pioaa liiia alao iwoa atndiod tor Mmmc «t a i « ^ at im 
ojnrgiea, mt diatribittioa ia aoarljr axpoaeatiid aad variaa 
aa a*^^ ia tba raa«t 0,2 < 9« < US^ QaV/o aaA ia ia 
air«*Mftt witH tlia raotiita at aoomarator aaargiaa. 
A mm faatora af p^ diatritititioa toaa feoaa diwovarad 
W Hmt «« * i * ^ at im aanrgioa* It io ftoeaA tbat at M^mt 
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Ait^&biitioii %««eBt« oott«i4«r«IA3r flatter '^ uyi tbftt «X9««tt4 
trim tlM oonti fur 9^ < I Ot?/e« Si« oluMinmtioits on h l ^ 
$^ ^valat* i»tieftt# p;«^Uy t ^ ejclotansA df 0OIM »•» 
plMsomBR saoli as tlM •xi«tftao« of leaem «»•• purtielas* 
Jo tlMi |r«o«diiiff Mottont im aoniKiriflttd ieforBatioa on 
higt §itmr$f nBoStaar iAt«raoti0ii»« kB imatlp.mii in MotieB 
(l*9«5) a tMniNr at alieaar pttrtielaa acre i^daoad ia l i i |^ 
anirar aaela^ iastaraatlAna, Hiar^ are vsarlotta tliaoriea or 
noOala ta ex^ ^^ aln tm nasen gtonamtixsn in m ^ aaargsr 
iatariiatioiia* In tlie ftollo^iag fl^atioxta wa dittsaae telefljr 
tHa Aiffarai^ taodflAa far p«tial@ ^raiitotlan* 
U^» msl ,agg£g &£ lift a f ^ ^ ^ f l MSlinl i l ItSSS Eg§«».f^g 
A moAmt at ^ t^aeriaa Hava ao far liaaii advanoaa to 
axplaia ttia pimtmM of aeooa irodoatiott* 'Sim irapoMd aodeia 
aaa 1» IraaOjr alaaaiflad iala tHo ipraapa* la aoiala Iwlaaglaf 
ta tiM f i ra l ir*«t *a glvaa tir f«rBl^» Iiandaa^ t Ji^ leidqi aai 
Aft 40 
Xaaian aad Hataaaiarf^t tHa aaolaa»*aaa3,iaA iataraetlan 
ia traatad aa a ai»i0L« or*^«i diriag eha praaaaa af partiaia 
pradiMtiaB, m a raai&t af H M eolUaiaa* f iald aaoror ia 
li%«raiad la a WtgHMr iaaaliaod folawr* and tha war iA ablali 
tliia aa«rgjria aaiaofaaftOjr diaaiyatad ia turn eraatien af aaw 
yartiaiaa ia iroiiated aaaordiag to atatiaiiaal. aodaia. la 
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9«rtiol*« irtMTo M ia StiatailMrf lAMsrjr tht aaolMiM or* 
iiMr«l.ljr 99aB$Am%A to tmf MeaptA fr«B Him ittl^aotloji 
f!i1.1HM to»f«r« %• filMaL llt»ti ! • BOlllilfSA* 
Zn m&mlm IwlAiigiiig to tlio soooiid r^oup as ici^a ^ 
ir&ttidifdr A M terlca^t laiEaisi^t Cleooiii^ ^ aM otbtt'iii tim 
tm l«l«riiotiiig mmlmm mo l.«f t i a a iii#air exeitoa stato 
s^ter the oolUaloa aM woim ia oppoaita Oiraetioiui ia tlia 
C, l * ajrattm, jsm atioaa tira aaittoil fSros t«o Olntiaet 
oantraa asaoeietaft witti tlmm aiiol«eBa« 
ferai drrole9«4 tHa tbftca^ ir of aidltipXa psrtielo proaaotioa 
oa tlia aaoiia^ioa tliat irtioa a h$.0> oaoror anoloea ooUidaa witli 
a aiK^ooa at root, tlia aooon oloaAa mrroandiag ^lo nueloona 
icro oot i a oono oort of ttrlnaoat aotioa, S^iai orgiwA tbat 
aosoa aoeloea iataraotioa tweoaoa ao atrong im& tim prooooo 
of aaooB 4teatryotioa aa& «roatioa oiHarataa ao fa»t at bi i^ 
•aarfloa nu^t atatiotioai a<2ailitari«» i« aotaoiir roaobvA 
tefovo tlio anolooBo mpmmU^ m§ ooaon'vatioa of oBorsTt 
•oaiOAttti, olnrait tarjToa mmSbmf oad otlMr oiniltfr vnriaUoa 
aro ivpootoA to liold doriag tba iataraatioa, 
vroAiotioaB of tMa aoiUl. «gr IMI auMHriaod aa followa : • 
( i ) XlM aultip&ioitjr iasroaooa aa S^^ t 
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( i i ) Ite afttttt ^mmmpim nwMattn i» ^ 5 <3t?/« Anflt i t 
( i l l ) AtMji^  mmtgkm ( > le^ il»f ) ttui JwriMr of mnolt^n 
$ja^l^mmtmm pairs imAnstA dlnitaft \m gtmtm tbaa tiis 
iKsibtr of pioMt 
(iir) Aft a mmm^msm of tbo tbKraodjmsjiiOdl otnilltiritBi tli* 
9amtey mpm^vm of ^le proAoeoA portlolOB In t l» C«M«d^ otoB 
i s B^mn ^ n.mmk*m lllotrilmtloft le»* 
'itm ftvnerago onergy ehodtl tm m1»u% Hio o^ sao fox* oXX 
(v) Jto» lutliiotlolliar 18 of tl^ otdor of miit^^ 
ima&ttXL iKkSifiod F«ral*o iioa and i^isoiBed tiBt tlio iji$«rfio» 
« 
«ioA of p«rtlo3LO» eoatlmod dtrlAS Hio oaeiiaasioii of k^o gRS« 
flm aotioA ot ttto sjrotOM «»« oonoidoroA to ^ timt of an idont 
(aoo^fioooiuit i»i»»lMiat oon&oetiiig} flal4 aioift IM iiotd tbo 
ffolotmoftio isjraroajriioiiio tiurary «» txplolJi irte totuiTioor, 
Itt tMo ooat tilt toflpor&tiffo of tlw «]r«to« feUo «• ttw «MI 
«s9o«to« At » oritieal waUm of tbo tOBqMirm^ ro Hio pwtlolo 
mmm to IMI votil wlioa ^lo imorootiott iMtoooa tlw portleloo 
^oooMo mmtl» Slaoo tim flaol topperataro nt tiio tiao of 
troolNttf lo Imm thoa tiM imtlol oaot tl* ^wm on ooeoniit 
of tbm$st mrnUt wm% mum Dsra o tei^lMr pr^^ovtlott of tbo 
l««oittOoA jpivtloio** tOM OMTgr Al«trl%otlo« of tt» ooooaAirlMi 
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•xfNift for a iloiAy Unwawlag logiritlaao ttm «• tti« 
Uftm^nt pitrte of tlie iat«reotiag gms %r«iile itp at <Uff«r«at 
tiiMg* Xn ^ft origiml watt of L(iiifiati» tim sftra,^ i%a.iia of 
tlio trassforiNi ooaMiliiP of %o eroatoA partiii}.o« vaa lii|^ 
H4 C^T/O* ^^ mUtipt&eitar iB ^lia aedol i s srop^tional to 
w^\ Bm af!t8i;il8!r diatritrntion of peattuim will ^ taoro pofOwA 
in 1^0 for«^rd aaft t ^ ibaelDRosva direotiofio ia lStt» Q, M. ^atoia 
tban tliat of glkma lyr Btrisi^s aodeX. XmXastloity will Iw aa 
U.0. a« ^ I as in ^<riii*0 mdol« 
%A*3* Mgsi^fci aim 
^atrary to i^erai*a iSDdal* HeissiOiorg poatiAatod that the 
tii^ of ootlision of ora&tod p^tiolaa i s ioes mimamU to tho 
tii» of iAteraotiofu Ttm mmsfst 6mm^t^ falla rapidly as tho 
oolUaion «oli»« oxpaMa ana j^ertioloo of atioooaaiwly lowor 
oaor^oa aro «aittot« ybimn^mrg tra&to this oxpaiisloa as 
th* j^ ropagatiott of a i^ oolc msn ia tho 0* M« ssraton. At fir at f 
ooot of tho oanrgr i s ooaeoatratoA in ^o from* nteoaa hoiag 
oroatoft ia tho 'tvbtilont* wtioa loft ia tbm waico of tho 
•ioolc waTo» !Ehe rooiat ia thnt a 00011 amftor of fast aoooao 
aro OBittod ia IIMI forward and haolonird dirootioao aad alow 
aro onittod ioolropioalli^ ia ^M 0, II* sirtffeoa. ^ iaeroaoing 
oMTiT of tho prittoir tho foloo of iatlaotioitr dooroaaoo. 
fh«a i t io 0»d at a peiimanf oavrir of 10 OOT. aad i t falio 
to -^ oa at lo' oon 
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Hi* a»4«l« dit08M»d «&»«• iMr# fBUJid to 1M» irndtqaat* 
in •aq^aifllAi •»«• ftap«o^ of «C9tri8Miiital obMrmtioiui. 
j»r •suni^tt in m mtnih mi^ i« litt s^rjn»a parsiaftojife i»r 
i s %1m obtarmtion of donKio aoaetiBft in tb» aaibl«r diotribotloa 
AoeotinttA for« .aae in tlio a^ o'va aodolo out oao not oxplftlit 
tlii flootnattono in ttm nnsdior of iroduooi p«r«iol«o «t tho 
eaoo p^iaary onerKT* 'i^0 areuiiiaar eM Merles^ ougi^otoa tliftt 
tlHi ooXUding mKtleottB vero la & state of Mgli oacoitatioa ia 
tbo ooliitfloa ana mboo^ttoa^ n^ t^ aiatod Bomiaimry iifirtioleo; 
t}ii andol ^Tddio^ WKSO^ Itrgor imlootro^ar thoja io olMMr-voA* 
lttiiibl)& "^^  ous^etod that ia aa aotiml. ootlisioa* the eatire 
laasa of tiui aoolooa vmy m% tako psrt f tttta i f a larga fraotion 
of ttie nsolaoa wgmn «ero coaooaferateil urittOa a Oiataaea of tUm 
oriar of tim ooaptoa wa^ a langtli of ttit aaelaoat oi4y a anaU 
fraotioa of tin total eaorigr in ttia 0« M* ^ t o a aotild \m 
radiataft ia a Aiataat eoXliaioa, Ha fartlMr anggtata ta&it ia 
additioa to tbe onargr radiatad dir&ony £POB ttia oolXialoa 
vialwMit aa apfraoiama fmotloa of tim wmmtm mktl \m mittad 
tgpm ^la t«» aneiaoaa af tar tiiay hem aopaimtad, 
OaoeojJf^ f Ololt'^ * aad Bta'^ alao proyoaad tlw two oaairo 
aodit, liiif aiBa.ika OPa«ilMar aa& UosrlEat oooaidarod that aftar 
%h» oaliiiieat tl» tao radidtiaf oaatraa ara diaaooiatad froa 
tiMt avaiaoa oovta. ma^ mmmm, tliat tlw too analaoaa fijr apart 
ia offpoaita dirattiam ia tiMi a« «» w^*m wiHi aisb valooitr 
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w n o g in oi»»»it« diraotioiis Iwt wltli wiolt Xmiar wlooiUM 
MuA «lMi% of tilt wMltowi* 2lw *tir«%ol.ls* ar* aitppoMd to 
ireAieta vmmam i«otroi4es&l3r in tli»lkr r&st ttwamm % ttiB 
aapHiir Aistriiatioa SM ttm 0, M« ^ atoa tiMMi oomiota of 
ttm mpMrpoiiitioii of ttit ti»o laotropSo aju^itmtloAOt tten 
eontroo aoviiig YOiatl^ to to aaoli othtr* Bxperisieiital olMi«nibtio»i 
on tits uawsH^ aiotrilwtloii in tint a, M, ^otoii ia a mdOar 
of Iota vara ooiwiotaiit wXtti ttta a^eoa^iono of thia stodflO., 
j^ atffira wa& Pta^ f^ axtaadliig tHa iaolii^ nodal of liiidiaaliiiim 
asid Stareiialmr » jToi^aad tiiat tHa molaona in tlui eoixfantioaal 
firabaSilt «»diOl $ta ^opoaftd ^ Ooeoeal and o^^St would eisarga 
ift an axoit<^ attita ai^ ni l l in torn laad to aiaiaaion of piom 
BM h&ryom wltli tjrpiaaSL aasrglas iiroiportioiiB}. to tba priBorjr 
•nflrar. Bia aiSEabar of pioaa of ia»1i«r oriititt i» ttiou^t to ba 
ooaataat npH ttm tili^at antrgir. oa lisa oHiar imad a l«riw 
aoatoar of rttatiiwly adov ntaoaa wiXX iMt j^odooad ttiroai^ t ^ 
aadaaloa fi*on tlia firateUa rafarred to aa •yftoalaatioa* • 
A Mdltiplioit/ raUtioa (rafanrad to ia aaetlaa 1«?,2)» of 
tjrpa a • 4»7$ '^  ir^^ «ma i^ ro^ oaadt tlia fir at tara T9impw ta 
tiM oaatrilMtti^a firoa daaar «f •sceitad barsrvaa wliila tlii 
aaaaad tava to *9iaalaatioa*« Xa aaat of yiaalaatiaa taa aaergr 
of i4aaa will h$ aaarljr aoaafeaa* ia taa o* M. l^atMi ^ 0.4 Oaf 
aad will U propiTHaaa ta tb» favrtli roo* of tiMi pria«rr 
21 
fSr«%tlll. w M I f tH. ! tHrllMr* u i i 9r#9»a«t a HMr wAcl, 
Ap^oxiaattlf t«i«« Ifew iiM« of « iMMHtoa «ndl MOT te eoMAdsrtd 
ft» a iMJrjnftji« atftitevjftia 9alx^ * ^^ IHpKiilvn UtOAjrs into ills 
pliiii»» 4it^  aaft 2!i^  f tHo luipilar dl«tri1»H(tl0a of Itio ^IOMI 
la UMI miit fsreiM of ^MI i^mxitim ecm bo roiiroooiilod tar tiM 
fuittitloa Sll»%* (A an* 0)« iflioro 0* io «IMI imgLo of onloaioa 
of a ooeottlersr ia tlM voi$ ira^^Mi o^ ^^ qwoilwi « i ^ roipoot 
to «lio iaoidoal iirmittoa, Xa a aalwofiaoiil atadijr Jtoroxie ot «3L«^ 
Itik^ w ooap r^oft tito olMrfietfriotiea of a mpSmit of 4otft OIMMBI^ 
in ifm'loits ijiliorstEoriOtt « i ^ tlio sroAiotlaaa of Hio ^qoanltai 
^^po^toaia* :siMn» iuro aom axi^iwatal o^aorifatloBa aliioii 
mm m% iNi mmMmm^ to liwfa iMoa ox^aiaoi IQT I I M atoiw aadtiaa, 
UitlaaUeilir ia b&i^ oaorir oolUaiaao ohaidia INI lavirooljr 
yroprtiofitl to TOt tiM l^oala faotor of H M 0« »• uratoau 
fwrtslMV ioalar a»A ^porkiaa '^ hasm aaaljratd 4» wwitti of aoolotr 
taiivaotlaaa at (a.lo^ • 10^ W9 mmtm. 9i&a u^vfiw lata booa 
ofvrloA oat Hvaai^ nm kiHi aatrflr T « n ^ tikat laaia to olootro-
aajpptso oiwiaioi IJ I ^bt aottfll aanHaloa iiiflajoli ataoka* ftiy 
oiaoriod that tbo alMriag of aaotior aaoafot tlw r^ rai^ a sro^aoai 
ia a giipoa aa«9lo«r iataraatloa ia aoro oaaa&ataal aitli a Urfo 
or4«' rfttlMr tlwi oflilr oao or foa of tlMm rooaivias a l«rco 
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/ «• «B olMMrvsitioa wiilsii i s i a 4i««4irMMtAt with tiki iaetar M t e l , 
y 
/ Xa iri^» 4if «uoli o1i|«otlaiis to womt of t9i« aodtl,* |ir«8«Bt«d 
/10 axptiiiii tSm oluiraotfiritttioa of the hi0, mmrsf oolli^ioiMi* 
Oofteeai «t a S , ^ ^nmXepti, a peraljr ^immmmX^siieBi, c^n^oaoh, 
2!b«ar o%9«rv»d tliat from tiitwM.@s on naOloar iatorfustioas ttsing 
aocotor. tor botoe op«oi4ill^ at a§ OeTf a»a OOOESIO vsgrSf a 
fow soa«r®l oimrasstK^iiitioa ot »(iooiid££rie!i l!ro» hlgli ea«ri3r 
iatoraetioas of ^otoii« ;^itb l i ^ t imeiti are O0tal}li^itA, 
llMioo gtaiara]. ciirxeoteriaties are i a agrtai^at witli ttm mmmvf 
givea i a oeotioxi CX*3), lllio eafr ly opeotrue of pioas of eaergf 
> i OoV i a iattr . ctloa^ of aiioleoae with mnm-^ > so 00? io 
gLm» W ^i\^ ^ n •* '^ "•'t«-»""*-* t :^ fitetro t i« approxina'^oljr 
tlio avwraip msmgf of tiie picas, Ibe &i«tritoatioa of ttioir 
Pt A^ t^/Pto traaefvorao mmw^w^ (i^^) io <^v«ia ^ nil^Ji^^ • -2*— d)pk 
Po 
«i i«r« Bo i o a ooaataat voi^toA to l i « aiwrago teaagvorso 
«o«»atwi a« 1 ^ ^ • < 9^ >• f9$3c!%$ «ooA agrooaoat i o aioo 
aaA Wmf^ «&tb t i M ooieai lat loaa o f Oioooai o t a l « 
fiaalXj' im%X «t a i » ^ ^lia aaa iariyiiieki ot a i , ^ aoationtA 
tlw aolti-^plMroi aaAol of wiooa sarodootioa, fbo liaaie idoa of 
tiiio Mdoi i a t te t Hifli 0B«rir pvooooooo mm rodaoiblo to tiM 
low eaaror • « • • tlroa«li a poriplMHral aoohaaifliH aa idoai wmob 
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t« siMAlfiir «i> Hint pPttmAU^ •nrliiir } ^ Xajiam %% a l«^ 
Bow mm mms mmmoelm wovm et ttm ooneXitaioiis arri'vtd at 
X, 3ai smun elasticity i s inaaptadtnt of tb» ^in&rj 
2* IbramnmiTiie moa^ uttisi ik^td.i b« low tisA iadej^eaent of 
!!• l ia t ip i io i^ of seoonAerios i ^ ^ d ^ proportioaaX to 
ttM losistritha of t ^ irisasry finergsr* 
wusA 
4« 2li« f^aoUon of pious eHBoag fseooa^ iiarjr pnartioXee i s b i ^ 
@M ifsitiisa^&t of tlio ppismry @iiargr» 
^t t tbds stiio i t i s opparont ti&iit ttsim i s im aouts mtd 
for aocQTato osiierifaoiitiiiX obf^rwUons in t ^ noigo of 0mFgi»B 
12 
Of ^ s oraw:* of 10 •?• In tlss asxt seotioc i« wlXX IriofXy 
diooass «o»» of 1^0 iMw ApproaolMO to the study of Hig^ energy 
anoXesr ooXXisioiis imloding the ens snq^ Xoyed in ^le profjent 
•xiMrintat. 
X.5. Other APiroaiatss J^ j ^ Stydy j | | ^ | | | msPfy OoXUsioas 
Few jreeam s#i tlie stndir sf M.#i •xiK'Sr (XO^  «• xo') OeT» 
eoXXisions were eerried out iisiiig pare oMAsion steelcs« Xa 
aiieli stadias seas iSiiMraat diffiosXties ers sneouAtered, 
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( i ) Vtm tBtif^ tioii of tim priMTjp etm^gr A«^ aoftA firoa ^ M 
8uisia«r OiBtrllmtLoii of tiio ohnr^fl oooonterjr pofrtioloo 
JLa oiftr &9{iroxJl!iiat« and io ooaotlmoo i n orror tigr fftotor 
At l a r ^ ft» 9* < i i ) Him omriar of tbo elsarisa oeoonaorjr 
partiolos lk»vi|ig oiMrsr I ^ M t^iikii a fmr do?,* e&n I M 
CSli) n oontgldir&tile £a?tioMon of tlui iatiiraQUons taSot tiilaoo 
witli ttei.vy %ar^t atieloi proaent l a tiie emUwi&n^QSid. ( iv) i n 
m tm^X otook i^ ariajro £rom thB dooa^ of eoatr^ piotis ao aot 
tev© ooffioieat smttsr avsnilabilo i n 1 ^ staoks to dewiop 
tho elootro»»gn@tio oaooa^s* Xa opite of tliooe a i f f iota ties 
a c&mA^m-%yi& motmt of «^ie baiifi iMioa oarrlod out nelJig 
@i£»aision iitac!e®« Bor oxiis^o i n ZOiJ^  pfo|@ot in trhloli a 80 
l i tore otael; of p r o omdeioaB mxn um&, m3& a mtmlter of 
usefia oonolntlQBs ««*& ia?rii^a at* 
MemviWf ao^Vlo tidvaaoos tmiro beoa m&Ae to ovor cooo tlio 
4i£fieiatloo otetod ateiw i a i^ eiag p r o oanXaloa otaok. 
CIriflMroir ot @3L,^ dovolopoH tlio aot of tlia ** oa3.ori»trio «, 
•ttlioa to aomnniJio ^ M ir iwrjr %mtgf of iatoriMitiag 
pairtioloo* i!lM» Daoio priaoij^o iatoXi'vft i a tHio aothoA is ao 
fol.1a«o $ turn ooooaAaYy <9Hrtio3Loo aro allovoA to paoa ttroiMHi 
a l u r f i aoo8 of notoriol aaA tlia tottfl ioaisatioa prodaeod 
1ir tiMot portieioo io atoonrod tqr aoaao of mmatA lojmrs 
of ioBioatioa «Huafym soadwiolMd i a tlio alMorbiag natoriai, 
flio totoi •megt oarriod amgr tgr M M oteoadsfrioo oaa Iw 
•otiofttod ^ flMi Toto of aatrgr la is at ooiroral loirolo i a Htm 
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•ktorlMr, AM iMtliod Ims bata used to atud^ iatwraotioiiB of 
AiiothMf dIrMtioa in iiliioli mUiUA 1»oliiii(iaM luiiro 
lieoA oiBy l^oftd i « in ^ « dowle^oMiit of ** ooitatioA eliatiboro** 
%i3r ^b» 3&p&mm jrem> of workoro (liitilEftfm ot aX« ' } tuift l a 
tint dovelopaeiil of l « r f i omsloleiMuNifar laotfa. maimitih 
m»mvm,iw W ^ ^ 'jirisloi. ireap (iJit i^&o «t a l«^ ) , I i t thtso 
oxporiaonte t in OIBIIIIIIOIIO tro HSBA to oa^ffto Hm olootro* 
oagiiitio easomito at Ywiouo iotorvalo ao thtr dtvelo^ tiiroua^ 
the faomiry mt&X ffo as to pentalt a roasonal&jr eoeurato noitoironoiit 
of t ^ Qiiot*g3r e&^le& wmsy tor tuo m^mtrca pioii@« 
Xa tho ^roeent iisirostii^tioii a laotaX osnaeloa aeeoatay 
•xpooed to e»»sa&e r ^ 8 ftt 10 p i . oiC^ fox* @lxiiit 7 lioirot 
has tiooa a80&« ^ ^ followiag proiaeeto @ro taeiaod 
( ! ) A otudi* of iLigti oneargif anolof^ iaterajotloao oeotmng m 
( i i ) A •liulf of lilgli oaM*if flBBBBa ra^o f^o« Isfeoreotioao ooewrinc 
i a Hw ataoiflMro as IHIXX a« i a iieavjr wita3.a« 
Xa tula ttaaaio «o «o«l with %tm f i ro t pert of tho 
iafoa«i«»tioa i«o, a aladr of Ultfi eaergr auXooar iatarmotioao 
occurring i a gNM^Hlto, «• datKralMd tlio oaaror aad aa^o of 
—»h mtm r i^a aitk yoopoot to tha ptimaxy. mm aoXtiiiXioltr 
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%im Aiffiraiitial dlatrllNitioA of ttaxufwrm tmm&tmt of tte 
MdottOary pirtieU* in Urn lmlmr%i»afw vsrslsfttt and ftlw ti&« 
iiB^ ftCriA 4i«lrlb&U<»a ef toagltadmCL noiMtiitiiift i& tlMi 
a» HI. qr«*Mi« i'* «l>ao 9&ett«4 the diffcrtoU^ distribntioB 
of £raotioml eanrgsr*; S^ti* Bu^loot mtt«r of ^le tliosle i« 
s(rrjintg»d as fioXXows : 
i!ltfi dlff«r«iit Ht^oda e£ •m»gf mttirnktion of maDiaar 
aM elaetroiUBi^tle oasoadea ara dieettaaid in oliapter XX. 
^ataiXa af «x|Niriii»ataX aat tip mmh. aa aoannlng and oXaasl** 
fiaatlon of evaata ata ara siiraa ia oliapt«r XIX, jbacperirosistaX 
rastslta eonoe^jiifig «a 'ma i3ueX®?r iatari^ations In tha ^nphita 
are gi^n In ehaptar I v and ara ooe^ iKirad altb aiiaiXer resoXte 
olitaiaad In oWmt expariMiifea by ottiar raaeax ctera« FiaaXXjr 
ia ebaptar V tha axp«rleieAtiA rasuXte ara aaeX/aad and 




mtt«r» 1% iiiiU«%tt« i^M^-^iasaitto oaaeadcs in HM SMiAiiai. 
B8iftio«aijr tiM J^SJUMO. iTdMssd* mi^mlyim tiift loa«ltiittii»3. 
radistioa lots e»ft Oeapteii ttff^ot* «^Mr«&s timir Xmt&r^ 
0ppnm$, i a ««i«ftti»llljr iiifl«ftfiG«d 1^ i^ii0 O^ saosilb ii^tteriJig 
of «3.«ietro&8 in tSM awdliai* arioH^r* tlit omsoittfo pikonoaemti 
wmy Iw «t»iiMri»eA «« foXl«m f tAton a» Oleolroii S^OMIS tltrott^ 
« ooaiBSt i t omits pl»»toM Aoo to lro»fftor«ia.tiai«£he£B pbotono 
i^blio iroyoKfttittg tbroai^ tte aodiim SMitoriaiiio rnaA i^ roAuoo 
oloolroA 9DOitrott yoiro, im m rootlt of Hioso itftoraeliono iJi 
mm mUwh tiio «iii*or of ^lootroiui ana ptetoao iooroAots 
t l i i ^M oMTor of ^10 litolioBO lte«raioo iMtow Hr^o^t otoro i^ 
io t M root nooo of olootroa, llo«i4o mtm Wm olootroao Airiag 
UMlr pMMogi Hffoo^ tlm aoAitaii f i t AoflootoA froa l^oibr 
9otlio ino to QMaoD^ ooottoring witii l^o atoaio flooloi of tlM 
BOttioM* tboroliBr oosoiag tlio portitfloo to ^proad Xatinralljr, 
aoott^iigwitio oooottioo itt ooMiio TttAUktUn tmvo teoa 
MtoflOiiMtir otiidioA oiyariaKilMilljr Igr oioirt ohw1>tro,ioiiigotloJi 
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m* %*ll«oii tilU«iiiM^^^*^^« Slut attiOr 9t •Uotr^aagnino 
o«0oaa*s hea also poitd lAtvrta&iJig p-eblwaw i n tlM 
aa«liMatio«3L plorsiot^^^'' siiwo tti« f i r s t pApmt puliXiiHuia 
Kijr lliAblift WB& a t i t l c r ^ , HeatioB of tbt aathttaatleal 
ma^mtitf l a solving tlis lamtodsn* Aiff«r«(it tfaterlss of 
oXsotreait^nt l ie sasoiidos ^(vs btsti forsoOleitsfi i i t i i ^ m 
immlwr of tiftinnptioiia. ?hB oalouXntioas of om dltatusional 
fihovsr tbsorius giving ttm loJigituiiiB}. doveloitw&t of 
oaseades ars dsveXofwd tmAtr two aj^oxiaatioas* ibejr ors 
i^ aaowa ss " Ap^oseiiBiitloii A ** aM * ApproaULsMLtlon B *« l& 
*Jl|)pro3d.n@tion A*» tlis o^-ioulmtioiis lifiVs bton eiarrioa oat )33r 
taking into aotrauttt radi«itioii loss* pair i^rodttotioa ana 
cofiiptoa soattorlag ^oo@@fits asln^ oos^lote sorsenlA^ cross* 
ssotions for ItiMn* Tto» ioaisaUon lonisss GTS not t&icon inlso 
moootmt i n 'AtP^oxiantion A*^ I n *Ap|roxim&tion ;i*» ths offsets 
of ionisfttioa loss srs idso inoloSsA t^ing ooqi^sts sorssniAg 
orossHMOtioas ftfr rtidiiition ani p^$at sro^^tion ^roosssss* 
nm offsets of ComptoA soatt<«rijig @re nsi^sotsd i n tlULs 
•pirsxiSMitiefli* 
3lMi tlarss aiiBsnsiojBftl easoads tfasory Mm bssn Osfsiopsd 
t r tsleiag ifldo ssooittit ttm offsets of Oonloirib ssattsriag i n 
tlis OSS diasnsloMl oaseaAs tlisorjr« Stisrs ers tso diffsrsnt 
a#i?rossliss «ssd hsrst ens witu liaadan spjppKiaatioa and anotlMr 
witlisttt lASdstt siRprMlaation, Xii tiM f i r s t oass miKkm and 
yiaMc*s ayproi^aitieft fsv asltiygis Ossloate ssattsriag is sssd 
29 
iMX9 ift tlM mmaA tmm oaloiAatloMi iir« iom asing Hi* 
J ^ •tttraar •stisi tlon of a h i # easr^ 9l«etroa or a 
plioteii iMtiatiiig tlio olootroaagnetie oaooitdo in a aotootor 
ajratOK tiae tiooii a dlffie63.t irol4om« 4 msslbtBp of OKportoeiAal 
msttiodo for ewrngsr ostlttttiuti of pirtieloa ialtiatiiig olootro* 
{m^ QOUe oaoeadta ia anoloear oisudaioii detoetora IIBTO beton 
t«toa.op«S in tl3® past, a^ioat mttioda sr% baaod oa one or looro 
oti^ @iet«riQtio@ of tim eXeotroamgiiatio oaaeaClea* fhe laetlioda 
of ®mr^ oot&aatloiit oaa tjo troadljr o1.a8alfied iopoadiiig on 
tlie t^ rpo of Sstoetor wma in thn eaQ?«riiseiife« Xn nnoloar oiaolflioiui 
t&e tiaroo aisiensloaal oaaoaAa ttaaorjr ia ofl»d for oatUA&ing tSit 
mm^sar of Gaii6i»ao laltiatias iiertioXea* Xa ionlaatioii obaalxn-a, 
Cffiroaleov and aointillatiea oo&iit«r«t oaiorjLnatrio wr i^od ia 
aaaA for oatittitiiig tlit emtegy of ^ o olootroaifiMtio oaaeadoa* 
Za tlui foUowiag atoUoat tlia oatlioda of oaarif oatiMtioa ia 
aaoioar anttlaioaa aro diaooaaaa ia Aotail wtiilo tl» oaloriaotrio 
•atlioA ia AiooaaeoA lariofljrt thair aMrita aaA daMorita ara aXao 
4liae«aao4* 
2.2a. stigfiingrio msM m mm *f!ifi»» 
Siaeo 1^0 oavir of tim tOmmtat io i l iat iai jprtiolo ia 
lauaatoijr ataorliod ia Ilia aadiwi Unroof ioaigatioa {roeoaat 
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i% i s peasilSl* to (i»%9rmim tlw emrgr of ^MI ytumrf 
porUelo W aoaouriiig tb» total aaeuiit of onorflr loos in 
ttm noAiutt })sr olxmor oloetrojui* StiXm ootinatlon of •mrgy 
of tbo priwary oloetron or ptiotoii i i nmffoetoA Igr tho 
f luotnatloR $h»mtB»mxi in tlui oloetroisftsnitio oaooodo tuoA 
is iiia«p«iia«iit of the detftilod foaturos of tlio olootroaagnstio 
oasoa^9« 
Xonisation ohaiaberst c^rontov ooimtsrs and sointillation 
ootitttors with imtsX platos in betw s^sii tlitom Imfv boon usod for 
ttiis pisrpoBO, i^ i^ Enge&ainto of ttile t3fp« ea^o ealtod oalorisgoters 
used 
aM @7o widely/for tiie study of oosnio ray liMmvman^ m 
oxperimat to detoraiQe iosisatioa loseos ftse different 
Giateriias ime tmen perforn»d 1^ mx^» and Usfstadtor^, fhsy 
insertod Btmll isrotm soiiitiliators in a oaooade dovoXoping toaterial 
to ohservo distrihutioA of sliow«? p^rtiolos in %im saatorial.. 
2Plie total ionisation loseos thao olisorvod agroe wi^ the 
ineidont onfrgjr with a jgreoision of ^^ 1 ^ • Bowowr* ^o 
data obtained by K^ts and iiof stadtor load to a value hii^ ier 
than tlw energir of the ineident eleotrons, Sheir resoXt aii^t 
be «i|»lained as due to the of feet of the baok ground of low 
energr eleotrens and photons prodiioed by the snnrounding 
Materials, 
fbere we9 maber of a»thods used in mme& eetiiiuitlon of 
easoades initiated by hi|^ •nmgy eleotrens and auam rays in 
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MOl«ar Mttilsloii* Btfor* dtMrilUxig tlttat laotliodfi w« will 
first A^tim tlM •tmotttral twaotiotm of •l«otroangMtie 
gbowcrs ttwid in tlirM diBi«iiaioa«l ihowtr tboorjr einot th« 
viMMnntd QfksmM »ttaeBa»twB» oan •aalljr IM dcfintA tliroitgli 
Let rfvU ,^ i:., r , ?t t) dE. dr, 69 iusd T(^ ^» t^^ f ©tt) 
at.^ dr, df resiitotiiniljr lie thB a'verajEt maimf of ii3ov«r 
@l$olroiui aisd pliotoiui of eiMir^os ^twoojn JS 'iM £ •f dE« with 
lattral doviatlon l^ tsiroea iT aM r •«• dr and dttflootion aiuflt 
bttntea $ and $ •¥ ^ from tb» wlbowmr axis in an •laotroBasnetio 
oaseadt in tiated 1^ a p^tiela of @ner|gr ^^ at a dapth t in 
tlia ^diuOf fimotions 77c M^9 ^% ?§ St t) and ir(iv^fi;»rt9ft) 
ara ctvllad t!ig stmoturiil tveaotlBsm of oXeotrona and gasma 
raya reapootiwly* 
!3ia XataraS. atrnetiiral ftmotiono of «Xaotrona or pliotona 
7^ (B^ t £• r» t) 2«r dr or TgC i^ t^ i*» r* t) Sfo: dr of emrgy^ 
(Ef I 4- d£) ara dofinad ae foUono S 
7r^<j^tS,r»t) 2«r dr • / / 7r(E^,E,r;?,t) 2« 0 d» 
rj(^»»ir,t) 2iir dr - / / r(«^t%rf^ft) 2% S eff 
..(2.1) 
Xha iAtofral latoral f«Betion» i*a« latoral, foaetion of 
olootroaa or pHotoao ^2^^* Btr^t) 2iir dr gr r2(\t£»r»t)2ia* dr 
of mmtgy 4raat«r tlian £ ast9 dofinsd aa foUowo : 
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0 
rg<S^»E,r,t) 2» r «r • /^ TgC^^tSSr.t) dB« . . .(2.2) 
XntegreO. ansuXcir ttruotvral. foaetloiw ere also Stfiatd in 
a oinUor way. «^ e will now trl«fly dtserite th« baalo 
srisKiij l^«a of miTiotio iasti:iedo ot emriar •utim Uon. 
2.2.2« tergqryffnt gf ,^w«: BssMa ^ss^Mi^ M mu^U 
of atoowgy fliotooiia with tteaji; thie<a?»ticeil flialribtttlon 
mmm -SStiaMMirMii* •—mnnnmiinaniiWii liT — M W I I . MMMRRSIH* WIW WI IIMI HI III] mi»i>iniii —m»i«»iiiiiiiwiiii mmmm m 
a%« first ^fattaatio itiidljr of ^ootroiaasijetio oaseaaeo 
in oneloiir oswlttioas was oftrrioa out tigr Piakeit'^. la, this 
ijxf80ti^tioii h* •atinated tho •nftrg^ of tho idiowvr lajr 
oo^^ring taui mmegsr Bjfmttvm of dao»«r olootroao within 
ft oirolo of eortftin radiui oroa»l tho oaooado axis with tht 
mmtgf •pootriui of ilhowtr oltotrono dorivod trem tht oao 
AiiMinoionftl idu>w«r thoory in •APP '^o^Bfttion A*^ fbm mmvgy 
•poetriai of ihowtr olootrono woo doterainod har ntftonring 
tho eaorgr of inOindiMl ohowor oleotrono tgr tho Coulonh 
•oattoring nithod. with thio ntthod X»inkna otodiod oovoral 
•howovo and dotoraiatd tho onorgf of tlio priaory olootrono 
ond 0HBao T99mm Bo«oiror« this aolhod of •amtgf ootiaotion 
hao not hoon aood ftrthor hooaaot ooattoring aoaouroatnto 
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«r« wry t»div)ieaiiA mma t lats iflvoesiU.^ miag to tlM 
•l»*9Mias 01* tii# eaMittAt or Oislortioa of «IM •aidoloii. 
< )^ q»«PMPiii^ S£ B£ Q^ »i>g<»^  pjgfflr nm in tjM g>aoa4o 
!IM« laetlioA of 9mrsj ootinatioc tiae Iwen ttooa ^ juuuid 
• t al***' in ifbieli seatteriog sioaMirtiaeAto «f«tro oerriod out 
on al l oliotfer oleotzoiui in a oaaeaAo within a olrole of givon 
r&aioo ft%ottt tlio eaoseiao oxiB At a noater of dopttui* flio 
obserirva nmtgf flow in tlio oaioa&e at a umber of doptbo 
io ttmn ooi^ >6r«ft with tHo lumljrtio^ onrvoo caLoiaatod for 
tlio ofiorar flow at differont ddptim Istjr oaossdo© of difforttat 
oaorgioa, Bn^ aaoli a ooa^^isoa tlia omrigr of tbo oaooado 
i i olitaintd at osoli dapth* A mmxk if&lm of tlia aaorgsr of tlia 
oasoadt iaitiiatiag partiolt i s than otitainad ttem tba axMrgioo 
datorninid at diffwaat deptiui« la ordor to oliaok tlia ralia* 
Miitr af aairigr awtittitioa Igr tMa mothodt eaurgjr aoasiraiieiilo 
w«ra aiM ania ia aaiiloioaa axpaatd to 19«6 OoV alootroao* 
IMaa aoaMiraaaala itaowad 0»od afraoaont liatwaoa tb» aatlaatod 
aaargr aad Wt$ ttaa •wmrsf of l^>o aloatroaa. Sliio aathodt 
Itowaimrt ia oidif auitaHa far oaooadaa of mattgy < 50 QtY» 
aiaoa i t booaata mivjr diffieait to oapa with tht inrit aaabor 
of Aowar alaatraaa ia hiih ^mrggt aaooadaa* 
2*3*9, gggg SfUglttti H M i l JkSSi ifiSim J £ l ^ 
Xho haoio of thia Mtlwd of aaarir aatiaatioa of 
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in A»U»minim ^^ trttoaitioa oirveii (B»» of •lattroas 
Vs d«ptli) of tlio idi0ii»rt «ti«ro tlie total track ItngtIi 
z( lEiT« i^ «» r» t) of ttm tdiamBt op to a dtptli t m tlio 
ooAiiia i s ftofiiMiA fto 
t 
ZAB • />Sr.t) • / H(i^, . .Sr,t)4t . . . (2.3) 
whero Ii(K « ii:*fr»t) i s tlio into^al. ttmSuse of itiGiror elootrons 
of eiMfrfloo 2 -^ '* witMa a oJixolt of radiiw r alioiit tho oasoodo 
ml» bttwooii aoptlio t aM t^dt* cma ii^  io ttio omrgar of 
partiolo initiating tlio oaeoeao. Tba oxp^ieientell|r exiaearod 
imittO of tlie totia track leagtli iMoh io oMaioBd IsQr oouixtiag 
tiio mm^me of tibonor olootrono at viviotw doptlui in %h» 
dotootor 10 Ci^ iptiroa with tb^.t oaleia.ato<l tr^m ttm ttiroo 
aiMUMleiMi siiowir tlioor/ and in this aaaner the oaorgar of 
olootron or m^mm vtiy i s ootmatod* Ble s»tliod tm» roetntiar 
teon aocd Iqr l&aliiwira ot al. tur tf^ klog t • 7 r,l« It nay lio 
aotiood tliat flnetaaitlofis la tlio aovoiopnant of the eaooadt 
art oBdikoijr to affoet tlia oanror ootlnato of %o gbowor if 
tho thiekiMoa of tko aboorbnr t in ttao datootor ia aufflolaiitljr 
lar0i io that t ^ eaoaado otta fttlljr ahaor^d in tha fiataotor. 
'Sim Qtdij dofaot of thlo aathod of aairgjr aotlaatlon ia» 
that i t ia diffioolt to ohooaa a aiiigLa A^tht t» aoltabla for 
wida ra»aa of amrglaa of oaasaiao, Baoaoaa tha dapth t at whiah 
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i a H M aaar^ of aaeeaAa* 
2*2»4« jantgygi»iii,»ion I x acaelE OBBgjfe mthoA 
Ibla aw l^ioA for tb» aalliKiliaa of oaargloa of oaaeaAoa 
in tttiaioiir oaalsloiia ean h9 olaaaifitd into t^ hroo eat«a(»rioa 
as daoeritMd 1M»XO». 
M M qoaByiig|ffpi| s i 1 ^ Q'bmevA lalagral j ^ y o t ^ f gfttotlyna 
iMe tattiiod of emrssr oetiiaatlon laiy J^inkau^ ia an 
Is^roiwiaftnt o'nat lila aarlior laothoi (i»ootloA 2*2«2a )« l a 
thlB swtlkoilf tlia ttmrgy of tlio easo&aie ia oereiumtoa bi" doter-
aiaiag tlio iiKltgral. lat«rai atrootnra ftmotioa ^2^^o*^*''*^^ 
of ibovar ttleetroaa at diffareat AoplOis. I t can ba aliowa tliat 
for r < < 1» TT^ ia a fwatioa of ii:^«r,oJily« (iftaro v ia 
•aaoiroA in oaaeaAo aaita) i .o , 
7rj(IJ^.iS,r.t) • TTgCS .^ r» t ) . . • (2 .4 ) 
tbia Maaa tbat for a <iiroa valao of t t tbm diatributioa 7^ 
iot Uat T «U tba aaao for a l l ^iaorjr oair^oa s^ » a M 
for a l l aatarialat iroiridod B ia aaaotrod aa a fnaotiott of 
( i ^ , r ) . fba fanotloa 7^ oaa ba datarsiaad f)roii obaorvatioaa 
OB oaaaadia of kmmn mmufg^ aad haaaa tbo priaMry •mrgf of 
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ftfl^r 0fibe» cmmtsiBm unur ttma, tm HMsnoeA teem, ttui «0ttiiiirtsit«t 
«f ms r« fii* lbef«et of ^^0 trntStQ^. t» that iai« iliowtr 
•ivetrons fcir £m& tiM axia «r(£ to lio i^ntjUtiM whlob 
in ifiteiiieft 1» ««»y diffiotilt ^oeai«Mi of ttit lergie tM^k^renal 
:%ls inQttaQd of &mRgjf m&tim Han tmB "b&en vtmiL Iqr 
Jdlj's^ki @t ^m ^^M ir mimSXi^T to ^ib» saottioS (eootli^ti 
«^ .2«4 a) ti»$^t ^<'t l a tislis oaod ^^ aii@cd.ar Btriietiir« 
f«aetik>ii ©f atoii(«r »X«otroas ore E»»®yrod witu respsot to 
^ « Mi0W@s* a:;£l© l a pXaoe of tlie X^tor^ atruotsro fimotion 
of tile ^btm&t oXfHitroiui, ftm angifttar fftrocttaro fnaotloa i « 
otitiilnid in a anar^tr sifiillear to tlint 4MKiribod itt tho 
i^oeodlAg MMitl@it» Hie ener^ of tlMi omemSm In dotermlntd 
W ^m^i^ ^ o o!)a©n^ii ciM tliooi*otie&3L fvmtijan^ iSitre i« 
iOLflo titt etfutlar aofoot i » tliis motbod &« dlocuiii>«a in tho 
irooMlng aoot|i3>is« 
Co) B i »»**«a^» S£ iBMf 2K l^ ffft^  £&flgl ilf^'g 
iMHitA ana moHinarn^ •odiflitA Vim ifiaHmn^m witliod 
of oiMrAr ootinr^tioa of oawundos* lA this mtto»A Hio oiargr 
io oMalmd tor dttom&ttiaf the aurtbor of «S.ootroii« withiA « 
oSielo of oorteiJi mft&tto arouaa tiM o«ae«te axio, fblo aniibwr 
io tiMii ootv«rod wltli tliAt ,o ¥^oa tgr ^ o tlMoty. XlM aiM^«r 
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•AfUfiOfttloii «ii m ta.oif9§opV ox* 9liotoMi«rioiaijr« %n %1am 
i^Uimtm ••#tloiif «t aluax AiaettM ttm mmamHom 
rn«v»jit to this iavostlKEitioa in ^ t a i l t at tlUs isttlioA 
l&BW»tei aaft lUhliHrat t»^^ diri'wa ttm tirM diiMiiuiloaal 
li!it«rit3. «ii»3 aagiaar fttr&oturd trmetiotm for eleetrono sliofiers 
ttiiA«r fte»ua$itloi3» ana i^^oxiBationt oatlintS \»lem ;-
It io eus@«»»a ttiat ^liotons lose tlneir entrgsr tlirousii 
pair jprodnotion and e^edtrons throng radiation and ionisation 
proo«e«t«« ot^«r •l«otroiiagn»tio interactions mmh as Conpton 
seattisriag wM triOsaK fomation Isy slaetrons lors ntglsnttd, 
BatM and iititisr'^ oros»»8SOti^s for oos^lsts scarsoning 
ars ttssd for His i^ olHiM].itjr of radiation sad pair pi^ odaotion, 
Xsnisstioa isss of an slsstron i s assiawd to )M iiiAspsndsnt 
•f i t s omrigr sad i s taksa to te e liiir par radiation Isngtli.e 
i s sailsA M^i sritisaS. sasrgr snd i s dMifiatd as that sanrgjr 
at sMsli tiMi SMrir Isss psr radiation longtli i s laso e« 
Xa slsstrsBNPMtis atoonsr tlissrjrt ^^ asaaB^tioas 
and sfprsKlasiasas ststsA ateiPt ars lammA as " Approxiaatien a**» 
aaAsr viisli «Mr sstlMrs IMPS vsrksd sst tlis oasoads tbiorjr 
in sas dttastsst I I M thess tiasasdsasi tAiserjr aast fwrtiisr 
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taOct iato mmwekt^ tm »ptmA of «l#e^0A» Am to OouloiBb 
•«&tt«xrlAS, in trawreing tlii !sa1»ter« Xlia sprciiA Ant to 
T&Utktiian BS& psAs: prodiietioA ifroooseoe (ire »ii#igll>l« in 
eo^pfirlttoii « 1 ^ Idiat dao to Ooiilom^ nofttteariiig vxoept &t tbo 
tN»gltiiilng of ^mm^ dovtloiffient* 
4fe«rdror«« iia^eaa d^ e to CSp^ lo^ '^  ^ atto?ij3g oi^y iisr« 
takoa ijoto MaooBt« It i s ae&tanaS 1^-.% tt^ p^ot^ i^ ltility timt 
e 
an «I«etroti l»f eoattero^ tlBroa#. an aiit^pii/ia tr44'«^7eias 0339 
radiation loiastl^  i3 (3)^» ITj^ er ttmm aesE^ptiofiA the 
tsaiiio aiffuftlos OQCiatione for tlit tlret disisiisionB}. eaeeaSo 
theory aro« 
nt tr as 
«-, ^ 0 «^ « ci*a • s»if • , , (2 .6) 
at 0r 
H«r« 7rC.-^ » art B, t) «S, ftr, ^9, aa& r(S^^tOft) flS.?»r»d0 
oro tij« aTSTiai^  xamlifir of elootrons snd X'^'^^ rospootiiriiy 
witH tatrsjr in tin rsuni^  H luid ii>4S at a 4liotaiiet iX*dX) an& 
at aiOfil* (^9^) from tli^ 9»«oad« ax4>@ at a ^pftfe t fsrom ^ o 
orisin of ttit eho-«ir« A*» B*» a* aM D* ar« tli« iatoipral 
•aarxif oper^^re eporatiiti; on ttia ^amgy rta!'ixiXl9» of tiui 
fonotion TTaai Y» A*rr iroiroi^ixts tl»i net olssmge Am to leee 
aai gain of Dae eleetiona l& %lm onKTgjr intervia (£«d£) ligr 
raAiation preeese B*f ie %» net otaanie in the nmiber of 
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•l«elrett« AIM to pftlr prodootloB* a*A I S %lm mt elmii^ 
an 
Alii to Ootdoali Mattering aJoA 9 « • is tlM oliai^ g* A M to 
01 
ioaloatiott seroooso* 
Xiao toiw G*ii orioifi i n tho teHlMwtng wmmmt^ AA 
oleetroii tratvlXing i n tbo Airootion (©*# Aa') ^t a Aoptli 
t wilX bo oeatteroA into (©# A9) Auo to tlio Oomloml» ooattoring 
ttnA tlio olootrono in ^it Aiivotloii (C «A@) v i U t)e soattoroA 
to oosw otlur an^o, Biea tlw TnTiiitioa i n ^lo msailNir of 
elootrono vitHln &n interval (d , A0) oaueoA H^ tHo ooattering 
whilo travir@ii3g a tMolcnoio At io givan tQr« 
0» • at [/cr(0-0»)Tt49») AD*-JG-(0«) Aais<0) ji . . . (2 .7 ) 
whero ^  (T (0) i a tlio iirolmMlity of aoatteriag anA ia givoa 
bar Hie BatlnrforA forniiia» 
I ^ 2 A» 
cr-C®)A0 • '•' •""•'• y'» i - « * ) mmj^ . • , (2 .8 ) 
olMHro z ia tlM atmio wnltar of tlio wAiwi aaA i^ Aaf iaoA 
•R 1/2 
K m ( • .p^) M O * , a Hi? . . . ( 2 . 9 ) 
• « • 
1 2 
wharo « • ««i* i a tlio fine atraottro oonatant aaA n.o* ia 
X3T ^ 
4er 
llM rtst MiM «iMa-ijr of ^it •l«otroa« Xh* f ialt« SIM of tiM 
jMiel«iui anil mrmaiag ^^ I^MI QpiAoab fi«14 tyr idi« ottl«r 
•Imtrons Hill mOM ^ c j^otebUitjr Mftllir tbim th&t givta 
^ ftlM forMlm (2,8) f«r liar«i and ARMdl «B|^««« ^ l U a o s ^ 
apjiroxiaatftA %• proliabtllity «• fi»Uow« t* 
1 Is » d& 
(j-(0) 00 • —- " .«».-....^ ( «.)2 4f 0 < 0 < a 
crCe) ae • 0 • If 0 > 9^^ ••.(2.io) 
wiier« 9 win • /^  /a 
0 SIB3E » ^ /a 
2 TT^ is ^i« «»»arogli« waiPB ].€»aglli t.f an iaeidaat 
•laetroat A la tlia radlaa of Qt^eem diatrlWti&a of tlie mioXaiia 
BM a ia tte mW radittC of tlw mtw^, 
yaUowlag ntlUaoa tlw first tans ia aqoatioa (2,7) 
oaa ba i>ttt ia %lm fora / criB') % (%»d • 6*) «3« vHieh 
oaa te aziMiaaaA ia tlia Taylor atviao of 9« £inag 
2 
2 
^ ( r ) d9« . /'ii(0)^(d«) «©• J . . . ( 2 a i ) 
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mmtA twm in tht atritt (2.11) viaaitiitt. Xbi thlrA ttra 
i t •qoal to tilt Man «qtt«r« AiMt^ t of tiM isatterlag i . t* 
« ( mmm | i iiiiiiM w l O S ( «»•*«» ) 
***V2«X2} 
as ^ima t»ar >43.Xi«a8t tl^ e foraiila (2*1.2) lieooiBdo ^ (•->• )^, 
Sobstilntiiig in tt^uatioii (2a2} tn equation ( 2 a i ) 
^ B 
&e 2 
Hiit a^fftxIaAtloii i s known in th« eatoitaio tlioory fto 
liMi IHtflMrfiirt «roo»>»Oi«tioii bavo boon jit|fL«etta «ad tbas tho 
ooatri^tiOM ffe«B tli« f^wrol and oingBliir ooattaring haiw not 
bean iaoladoA, a»1.iitiona dariwd ttBAar thio apiffoxiaiatioa art 
a»«oYort Xaaata naA aioiOwra luivt alio eoliwd %im 
diffnaion aqinaUona vitlMiiil XftAteii apsroximitlon, R>r this 
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w&l^a tlM l l o i t i i d Aitt < e < e Mil* ottts idt IliMt l l a i t a 
i% m&m not Mf «ttt«I ^ •4Hre» but WM tr ta t«d on tli« baoi* 
Hi 
of Holitro** aoatterlJiji Alitor/, la both tti* oooos mntlyt 
«ith i^ andait ap|)roxi»itloA 6II& witlioiit it* ttm aolmtion of 
aiffnsicn equation ie obtainod W vmklm OM of Itollin 
'^fiitstorm in B anil Ibtrior trnaaforsi in X ^xA @« 
mo solution ifitboiit tbe Xiondan Q|!>p70!Xiimtio&* for tbo 
nuQbor of olocwf on»» of all onorgios* vitbin n radioo run 
froi;:^  th» axis of oaooado initintod ^ ® oinglo T-«ajr i s 
ox|ireit59d in tb£ foris of a eerios giiren as 
2C;r,i?tt) « / 2-w dr «S • i . / 2!«» dr 4 ^ ^ • . . . (S.U) 
w o - ^ 0 * 
r o 3- /^* dMl-s/2) £LT . 
whiiro / SKT dr fto >• -^ -^  / " iui:">ii..r. ( « I » ) " M ( « . «90tOta*t) 
O ^ 2%i -!•• 8 K3L 2 
and / 2icr Ar n^ '^ ' ote, eae% aisiliir aoro co««li«atod oscfrooalono, 
0 2 
Siro K^  ia ^M oafrgf of tiM initiating r^ s'ay • JGot tbo 
radiation Itnflli of tba aodiwi and K a fHowOr v^jfing foaotlon 
of tbo MdiwBt oloooly rolatod to Ea in tlit Rntborford fornala. 
Tim valno of K ia 19»1 far load and 19*3 fbr air, M ia a aloiAjr 
varying f vnotion of • aad t irtaob oaa bo ovalaatod naing tbo 
•* anddlo 90ial • natbod* fba firnt torn ia (2.14) oorroapoaaa 
to tl» nolatlon « i ^ laaiaa awa^oxiaation axeapt for a alii^t 
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4iffiV««i« lM»l(t»«B K aad Mm maA Itt tint d«naltloii ef M. 
flM (HiooiiA iMHm in ^M a«ri«s Is tlw (watrilmtioa froM 
vimill* so&tlxHPliig AM » • • p»rt of pXttPal. aoattwrlBg. 
AAdltlenBl tirwi lore dise to «to ronoiador of plural 
•oattorinir* 
2 ^ muatiir of traoico within radius r;4a frost ttw axis 
io a foBotiOJi of t ma& (K^.r/ J^), 1!liie aiJ^ifioatloii 
i t oxtroMljr itMf ul in tho «acp«r|jieiital mrk for tbo 
thoorotioal solotiona for difforeot iralnea of (S^.r) and x^  
ean taailjr 1» found out uolng ooaling proooduroa* 
Hiohiiaura and iCidd" !iav« otaluatod tlui otoBerioal valuaa 
for ttio oolution given 1^ oquatlon (S,14)« Itmm coaputfitions 
givo roaulta aeeurato up to witfoia a fow |«roent oton at mall 
•aluoa of I* ii^ao oalonlatlono Hato teon eopptared witb tho 
oxporiMntol rotiata of Plnkau^t ^^«r ot o l»^ and 
ittAkaoa ot al« * In tlMso «xp«ri{B@nt8 an indopondont oatinato 
of onargr oould te oado eiHiar from tho i^nonttioa of aautral 
yoitt dooay or ^ aaking mltiplo aoatttring ntaoaroaonta on 
olootvOBs. Wm oalottlationa aro in good a^oowtnt with tlio 
oxporiMAtal rooulta. 
finlBmr* IMM Doiatod out that tlw oaloulatiooa of 
iCaaatm aad XlalMUHra oro hottor Juotifiod mar tlw ooro 
of HM OMoado* Wm limit of Taliditjr dopoada upon tho 
•aarflr • f mm mmutmm ior oaooadoa initii^tod hr r-rajra 
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wltli ciMrglttt ^ l o ' St? at dtptha 6»X0 raOiatieii lengths* 
tlM mmhtat |r«4iot«d by tbt ttm^ry tor r > 2«10**^  X^  will 
fJA te IM &v«r ft8tltt(^te&« Xt will be libotm tliat tbest 
l i » i t s do aot effect the eaersr laeaesreneat oarried out 
ia ear eseperiiaent* 
•^^ » |i^»^»^^^» S£ Cascade i:^cer^ ^ tjoe^ ireaent liwregtt^tioi^ 
In tbe ireaent li^veatia^tioa Kanata and mekiauxra laetliod 
i s used for ttm es t lnt ien of cascade enerjgr, in tld.e aetiiod 
th» energjr ie oMained bar determining the densitigr of electron 
tracks iritliin a circle of certain radins about the cascade 
axic» thite the density or electron tracks wtm determined 
either tusr mokins direct visual counts tinder high oasnifioation 
or tgr photometric method, details of the p£ioto»etric method 
are ^ven as follov S* 
2.3.1. MsHf ss gfgigg s£ m m^.«^^*^, 
fhe photometric method need for energy estimation was 
first developed hy Bnthie et a l«^ She ptetomster employed 
in the present investigation oomtieted of a UQA IP2e photo-
mnltiplier tahe atta^ied te a oeck's U 4000 mioroseeps. She 
optical «rstem ie tibomn in 9ii«<l)« tim aiULs of the optical 
eystem were aliened to the y motion of the microscope s ta^ . 
the axis of the easoade vae also alisned along the same 
direetien, aSie image of the lowsr lAit was feousssd to to 
tiM piaae ef ths emslsiett nming 2$ x oi l iomersion objective 
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ififsr* I 
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Aii»tliiir Z5 X t^iX ismtritiAa el>j«<itiv<t was I I M A to iro3«et 
t l i i megs of %m lowor oXit OB %• tlui ^aiio of %im upptr 
i^it* UMI Im i^ge of tue X««rar i^ i t tnae sado to owoop aoross 
ttio tipp«r u l i t Sg In? laoans of » rotating ^oss celjoia Arifoii 
lir a two pta^oi &«o, aotor roBuliig ^t a spooa of 1006 rofoltitioiw 
pm wAm»%0 tm «i>po»it« faii«s of t ^ ouboiA wcr« I)3.&OIGOI»& 
no tWit i& %mh rovoiutioa tlie isia^ remim& ttm tq^er e l i t 
twido. fim iii&tli of tho low«r s l i t wsa to 11 iin wMXo t tot 
of tilt nm^ €»ii& was 10 p i , file t^todnoioisa of tim o l i ts wofe 
a«or@«Jioa for smkiag wsamstrnmiktB on i»lti|3ilo t«^ajr oasoiidi@« 
arising l*oa 3«ts proii^jod in tfe® p^oauolag layiar, mie wi l l 
1m di0Ott8«e<l M Hotiill ii^ ohaptor £?, TIao output of tlio 
pliDtoB«iltipli@r ime Aloplo^A on a oatbodd r@gr osoillosoopo 
©M tte asfi0i% of truoMis ol)>tai£»(l ^ ooapKringy ttot iiitoiisi% 
of l i ^ t m tHe ^gioA of tlm deiENi^ t wltli t t» t i n & *tiool{:irottaa* 
rogion otiffiei«ntljr ronoiroi fros 1 ^ oaooeiSo. 
i^s«C2> mmmm tbat tlbt grainn oonteributing to ttm 
ftttoimotioii of llt^% «8 r0ooiai««a W ^ ^ plaotoffitiltipuor 
aro ooHtainoA in tim r%fj^& ABaP0« Bio fiisiiro tonro rolatoft 
to tte oiiprootoMd oisnloion oM tlio aiaiflo © M X , is givon 
liill a MX « «•*»« 
45^ ^ 
?i 
l6y«r» tn* ^iloicii«88 lias liMfi talem a» 
tlifft of tilt tti^roo«8o*A eoHilsioA. 
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tUfire* |4 i s th» retrmtl'W indmc oi the proeasseil eisulelon 
( ^l«5)f 3 ! • tt^ i^iji3m^ factor <tlMi ratio of tbe tbiokaoos 
of laiiireoomMft imasloii to tlie ptomnmA mmjlniou) wtiiob i s 
aPiroximttUr "^  2t antl !l« A* i s ^m msatrioai e^«rtttro of 
Iwtli tbo oondonssr asd ttis objootivo (0.69)* 7bu8 9 isax^l3^t 
rsprosents tbe greatsst aci^o of inoXioation of tigbt ray 
to tbe norwl to tbo ojaiaoion plnnsy given tor tbo ooMeaser 
and aoosptsA 1^ tb© ob|eotiv»» 
r^till mm wo Imtro ooaaificerea tto iiiibt r£^e lying tbe 
pXom of tbe QXp^im in t'ig,2, a>ii eonsider tbo oase tsben tbe 
iigbt TB^ tml^M s^ ans!Lo 0 witb tko norzaoSL to tbs piano of tbe 
em^fiion ana on asicmtb on^o $ with rocrpeot to tiie please of 
tbt diegraffl. ISien ti»B i;i'o^ @otod roy will bo in tbe plane of tbo 
ai&gr@2a« £to an^o D will al@rays bo gr^itor tban tbo angle $ 
wliiob tbe p:*o|oot*d ray will malm witti tbo vertiofil* Since tbe 
'veOLne of eos @ l i e s between 1,0 finft 0«979 for all peraittoa 
ligbt rayst i t follows tbat i t i s mtffioiont to oonsid^ all 
l i # t rsys flis being periwnaioiaar to tbe plpjie of tbe estdsion, 
£*5*2, Helation fletween the Cguwioae Oineity n^d l^ber of ^aoks 
we sball now estsblieb a relation between tbe oentrel 
density of a essesde and tbe am}mp of trsoks. Let f(xty) be 
tbe nnsiber of trsoks per unit ares in e plane nonaal to tbe 
easesde axis* tbs obanit in iateneity of ligbt dl due to a 
te'soli density f(xty) duo to a flat oasoado i s tben given by 
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— • I.A.II. f (x .y ) 
or 1 ( E > « I^(x) exp A r ^ ( x ) .^tCa-IS) 
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wli«r«» X(x) «• / f(x«y)* 4r ••.(2.17) 
^ •lOO 
Bird» & id th« fsn>so»oeotionaX area o£ a grain oM n ie %• 
grata d«iigl^ p&e ^m of relativistio eleofaron tr&oko. B^ ro 
X(x) i s tlie i&tegratod traolc deasL^ p«r mleron &t a projooted 
dietaiioo X, m olitain t]io total iatoaslty S iooidant on tiM 
l»liotiom:ltipli^ 000 finally tma to integrate i t owr tlie oi i t 
iridtht tison am obtains 
/ , l(x)dx • lapC-AriA) / . l o ^ d x ...(2.18) 
•a/2 -<^2 ** 
1 ¥ 2 K^ earo ^ " f ^ Mx)d3c» and d(lQ ;m) so ti^ tliiok»i»8 of 
tho ii^«r «lit« 
•rd/2 d/2 
»i luiir«» J • J^ oxp (-Ajnx ) •#.(2.19) 
]3ofiaiagt » • log U ^ j ) s om A.n.X .. .(2.20) 
D io kaomi as HM eanlral danaity of Mia oaooada. (oaa 
AypaaiAx 2A) 
47^ 
(raaintion length) f ^ v^Tioits v^lttts of 
QMBTSR I 
At tbo teglimltig of titis oenfeufiarsft i t ims aisoowred 
that n ob{iri»& •^•etroseepe eirnn n^en ttmlomiA in a iMirwitloalUr 
setatA •iifttlofdf ^^aftoaUf lost i t 6 oti©rgo« 2t wao sHoirsi tliat 
ttio ehss'gfi loss was roui01|r tbe msm evea when tbe equipraunt 
wao |rot«Qto4 1ir coi^airmtiwlir tMoioir lajpem of leii&« lhtto« 
i t Is&emm oloor tli&t tla@ r«dimtion sroeipoaeitaf! for tho 
Hiimhrn^m of tias olootroseopd smst Im've a M ^ penotrmting 
pow«r» lao&a on tiie atiomi ana ol^t^ facts filson 8iig.^ 08t«a 
tli^ it i t was dut to an mdaJown raSi&tion ponetratitig tho 
{HtaosplMiro f^si outsr 8|^«« ObsE^Tations ttom. bollooiis 
rotoaloA ovoiitufilly timt tlie in^asity of radiation inoroases 
witb iiiaroasijig altitafio and Ooorosses as ttie apparatus i« 
lowsrsA to grsater and ^ts^tsr doptlis in lakss, Subssquentlj 
Hsss^ also oooolBdsd tli»t tlio eakaowa rajrs wsrs of oxtr»-
tsrrsstrial origin ; tiiis radiation nas nansd as 'OOMIG Hays*. 
Bsfsrs tin dioeovsrjr of oosnie roars* t^radiation firott 
radioatttiirs oloswats «sr« ttos oost psnstrating radiation 
knsiitt to soloass* Sbis Isd ^ tiio iiirpottMiais tlir^ t ^M onknsirn 
radiations soasistsd of ir«rajrs of nOitraliiieii f^oqnsaoios f^a 
tiM omtor sysss* tRItH tte «s« of lOoiid GiMMtosr and oonator 
t««l»lttt*s i t stts r«vs«l«d nm% at ssa Isiwi tlis oosaie radiation 
D CE^NTRAL DENSITY 
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am avtroi^ fir«ai of 0r«iii8 was atttraiasA Ir th* 
iMttaod nmA \9 Wemlme •% ai,^' anft i t «•» foonA to b« 
v-^ 0.36 im .^ I!li« grain AeJititjr a UMd in tlwot oaXoulatlons 
mkB o1itain»A %gr oooofeifig tlio niS3l}«r of grtdns por aioron* 
file n-verafi 'mlm oS n nas 0*20 • o«Ol« 
Bie Tiiluoo of Six) w^o ooi^ imtea for different YaXaes 
of iriraerjr enersr using; tti© ta'oae^ prepfo^ ed tor Hiebiaasra and 
Hldd'^ « ItMs Oeatrai dend.tjri B { » AnX) ia plotted ae a 
fonction of radiation length for diffiirent irslaee of primry 
emr^ in feg^ 3f and the infixitiaiB central densitsri B max* 
obtained f^m lig,3 i e plotted ai^iinst Ho t th t^fiergsr of the 
oa@oade initiating particle in i^iiu^m S^se relation between 
B^ and B nas well apiroxiisated bar the esp*e»0ion 
M m 5000 .^•^^ .•.(2,22 ) 
So fnr we haw eonsldered eaeoadea to he flot in the plane of 
the entileion* iSie dip an^e of the oaeoade» 5t relatiire to the 
plane of the eamleion well lead to the following effeote* 
Ci) 3!be projeeted 9*ain denoity in the plane of the ewaeion 
ie ianreaetd tgr a faeter of See $, 
( i i ) She l ia i te of iateipration for \^x)\ in eqtiatlon (2*17) 
are ehanfled to • 100 Ooe &• 
He(l.;tl«ii l»Qt«f»ii thin m^ximm oev^f^ 
aitiifil^ ^WK* ^ ^ ^ ^ •is^sy of %%% 
Ugr .^ jj •» 3000 ^ ^ . ^ e points liiown 
<3r0 for tboe^ @v«iil9 w\mm • m r ^ eras 










Hot of mgiimr ot ^teojpntm within oiirolo 
of radius r iM ir^ims tk^pth t (radintloa 
leiigtii) for viEvioug m l^ties of i-^ «r,CG0?,pB) 
for t^ detector* 
to or T^IACKS 
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( i i i ) flM trboXe l«iigtli of tlom o&me^u rimmA \^ tbs Alt la 
not in foottff* Biifl rsdiioeo th« ebsciration of l i ^ t , Bow«inBrt 
sinoe 1 1 ^ i s eso&ntiaXtjr par^Xol (sooliioB £•?«!> this 
offoot can l« i»||3>oet9d, 
Ttm atp ao^e oorrootion fsyotor Has obtaiood %iy cooputing 
tt)® vsalQjes of ^ cGrmsM^Mia^ to Oiff^rent n^aXuee of tho dip 
ai)tgl@ @ and i t tmo forziC' ttmt tM offeot of dip angle on tho 
o@]3:6r@x dcinsit^t 'ih coudd Im ro£K'e@&nted tior »e^oe6ions« 
(0.1.7 ^ 0.83 coo 5) for l.O < iiao y < 1.6CJ (!*'« Appendix 23) 
®.a& (O.l • 0*9 (^ ® 6) for 1.66 < tl&Q o < 2.0 
In p?aol3ic© tlicj 0aiJ?®r of a cseBcad® miB ©etisated Isy 
ooqpai'ing i t s rx i^anm cantral dennityt D mm^ ^Itb. tisat 
predioted ^j tU@ abov@ thoory (equation (2.20}). ^hXB ^ao 
doterminod t^ mamring t^e c«nferai deneit^f Dt in ttxree 
ad^aoent 6i!3ii].@ioBs alom to the tscsimtim and then taiang the 
wsMkt Jj$ of thte tht%9 mumaetsA valitee of i ^ ctntr^ densitF. 
U iB related with D mas tiiroui^ the follo^^di^ ei^^eeaione. 
D ffl&Jt • 15 (O.lt • 0.83 Coe 6).f C^ )^ for X.o < ;tie« 5 < 1.66 
...(2.21 ) 
» wax • 15 (o. l • 0.9 Ooa a).f(e) for 1.66 < B&o B < 2.0 
where f(6) «* l .o <^  o.ol ooaee & ia a asfill oorreotion factor 
ooag»tited fron Fig.3tto alUm fo? the finite range of depthe 
f^oa the origin oirer whioh the awrage B iiaa taken, J?br vary 
5(r 
n.e.t rrontB oa* wtitii tim meCKimm of t^ « OAsoade was In $ m 
tlilok Itad jaLatetf B ims o^iili»A l3ir awraslng oirer osOy two 
ftd^aeont omalsloae* 
X£io im^m&mmontB for, Pf in ®tiO^  eaml«ion was aado At 
ttnroe pXaoes olom to tto aia&Xe of the eiaaH^on tMoknees, 
t!io ImokgronnS T%pm,nt^ ttsr oacli of thoao poaltloiw wer« 
olttt^ iiM S^ at 1 » and £ ssa on oi^ i^si' @i4o of tli@ easoado* la 
al l tboeo obf^ rvEtiones si^ oriotio ro. Jir^ g duo to Xooal surfaco 
uf'rS£E or ©KtPMieeti© trtclcg wtro a«rcfi!lly ewided. 
*^ oeoca&js of enargy > 4-*^  'Jo? tser© ^necoped ptooto-* 
r^trically. Eb:?ewTt for ©ooe of ^ s eaeoadeet ©iwroy wa© also 
det(r!d.nod lor ^ e ooontifig of mui^ sir of tmo^® witliln oirolee 
of TB&Xl {'^}^LQ0 im f^ oK tlie Qiimi fie mdlo So ^wrc l esaaslons 
at oittuir Bide of tDe @@xii3iiB doirtlOj^ mant* l%r tliese evenba 
tlbto iKaelamsi oi^ ntcrJl densltarf 1) stt^t trm® plottod ea^net tlMi 
primary eniiri0' i.^ » Xn figiro 4t tlia points ropresenting tt»se 
t»o qnaatttl.» feU «iB»mWy mXX on tl»> Itn. 5^  - 3000 
X oft 
u maar*^^ tjoemim eonaistenejr in tlic^  two t^thode. In ptaotooitrio 
aoaouromints eiootroa tracks in a oaoeads upto distanoos of 
^ 300 ^ froir tim ascis contrilmted to tlie oontral daneity S* 
Aeeordinjs to ?iiileaii^» tha soltttion of Hiaaata and mtfiiimra la 
striotly valid for r < 2, 10*^ « Bio errors introduood at 
diatafloao ^ 30^  ^i ara sinaXl^  sinoe ma tanjor oontribtttion 
to tlia iBtaortsX in aquation (2*18) ooa»a £roai tHa points oloas 
tio tlis oaaoada aacis. fisis i s aopi^ ortsd ^ ^bm fast tiyit ths 
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mmatgf irala«a f9f^ ft amibat of o«aoaA«s d«t«mlaid hy ooontias 
tlM annber of tr«ok» vlttila oiroUs of roAU. (9CK100) ^i «ro 
in agroottoni with %tm enve^^poniXtm ^Xo«» ostlaatod pboto-
KotriOiaisr* 
2*4« at^a^fetfPjf ^srgK El IfeSlfg SSSSSSSS 
#e baw 80 far dioeueooa ttie loetbod for the ootlouitioQ of 
emsrgir of oaooaAoo inltlatofi hjr a tingle r*<^ ajr; In ease of 
naol©^ omacmdeei wfaoee eriglB i« in the ^aphite ^odueer 
tmitt imiltisae r*-r«jr» initiatiiig the oaeoades nitre usuaaLljr 
welt seperated f^on eaoh other, l\e>r theee vraye* the teohnigiiee 
desoribed alioTe were oeed with eooe aodificatioiis to take o^e 
of ^esible Mxlng of differeixt o<3reo of a gxmn event • Tb&m 
will he dieotiseed i& detail ia cSiapter IV* 
liueXear iAttraotione in deteot«r lead to vieihle oaecadee 
throii^ the developanat of the prod»oed ir«rqsrs« Tim individual 
IfHray'eafloadee in enoh events are net reocAvcihle liioe those in 
evente tren the graphite produoer unit, la oooree of their 
developoent theee r^ a^jr oaeeadee overlap And httmve aore or 
leee like eiagle t«*ray oaeeadeet except that on aeeoust of 
their heiag oevpoeed of several r<«ajre dietrihiited in energgr» 
the mmimm of their develepneat tends to he eosiewhat epread 
out ehlihe that in th9 oaae of stni^e rnr^ gr evente. 3!0tel 
energr o^ <itt»lk evente in the soft oo^peneat oaa he eetl aated 
hr ooimtiBg the total amher of traoks at the aairiwiai of 
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d«f»l«j;mMAt» tliiM ttm flW8to«r of tattu9lkB a% ttit nuelBim of 
d«v»t»pa»fii Am to ••oil of tl»t ir«*rmr i« liatar i» •ntragr, 
JPottUo t t ttl. * and Bowl«r '^ ofttiiaitttd tint total mnsrsi in 
tlio ooft ooi^ peniiit of omimae wmoe^n W oi^mBfins ^« total 
atmber of traoks vithin a olrolo of raditta MO m • tbo^ r alao 
dttteraiaad tua pliotoiiotrio oantral domdtr at tlio xmximm 
of d^olopmat (B Max) t in theao avGata and fouad that tba 
•atimato of titrntgy glwii ^ 2) aiui* aaiJig a rotation aiiaUar 
to (S.22) a^mod fralX wltli tlie imiiio of oaergr oatisated tgr 
tHa moaattroiaiit of tha t e ^ l mm^mr of traoko. Tim soan ratio 
of tim energlaa datomlmd ^ tha tiwo oatbods wna olooed to 
unlt^ f with a siraad of v^  25""^  • 3Smm ^prtada eotad tw explaintd 
OB tba baa&a of eaaoada fluotuatlona for ala^a f-ray avanta* 
In oaaa of aoolaor oaaoadae tha ai^ eaiiMiiit la the tim aethoda 
and tha graatwr airaad ia understood hjr tha following oonaidarationo, 
<a) A8 th» oaoeada dovalopa in t>tm datae^iry the r^ re^ ra di-v«arga 
from tha axla owing to tliair tranavaraa aopatnta. 
(h) oeeaaionolljr aaooadarj naolear intar^^tioaa oooar and 
thia laada to tha rainforoafiiaat of tha oaaeada. 
fha two ai^ata hami oppoaita of facta on ^ e oaatral dam t^jr 
of tha oaaoada and tborafora tha raaan ratio of amrgiaa datarniaad 
Igr tha tao ntthoda ia oloaa of ttait|r, £ha flaotaationa in tha 
smhar of avooadarj naolOfir intaraetioaa and in tha aaiaitttdaa 
of tha tranavoraa •ootata of tha r«rajra iBaat raaalt in a groatar 
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4^«A, nati i t w«« ooaeltiatA that the entrgjr of «b« 
aiiol«er oii0»adtft» with origia in tint d«t«otor» ooulA bt 
••tUHit«a lar MiAvnriiiiE tiM oontrtti nHxintin A«aal^ P MUC. 
ie •8tliiKit«A th* r«»««« d»vlati4>n in an iiiftiTido&l 
T%9&im J* Oft ttie o«elUoBW9« to t» of ttue order of 4; 8 ]^  
rhoso vsriatiom ero dot t$re%lw to flootn tioxB in tho tsmhar 
mM 0*ain doneity of iNiokigroiind traiokef and their inoXinsktion 
to th® eilit sad oeeonaijr to ireriationa in '^® degroo of atirfaoo 
atarjcing, IMe l@mdo to a laeaeureisenteX orror ^ lo 7(, in the 
T»IttO of % In addition* for oascadoe initiated W r-r^8» 
the eaaeade fluotuatiomi o@n lead to nnoertaintieB in the 
mmrgf esti&inte "- 10*Vt • ^^^ ^^ ® totei nnoertainty in the 
eetiaetion of energir of ** Aeotrotaai^tio events Wxi he of 
the order r-f • 20 ^ « Sor moiecKr eaeoadeat t^ere the fliiottia^ 
tione in the deneity ere Sj^mMme thie wiU he of the order of 
^ 50 Y« • Duthie et al* ^ aieo eetlaated the oaoertaiaty in 
the eaerir of eleetroMMpaetie as well ao tar ntiolear evente 
and found to he of ^le ordtr of • 29'/ mhioh ie wry eiaSler 
to o«r eetimtloa. 
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CIAPXIR III 
She sti2dy of tdL^ Btnetgy msH&t^ intercmtiona, dvaerltMd 
in triio tbe«i&f w^ io laaae uslm '^ eQUlsioi} ehamlwr of term 
A«tttQtii}g iireft, «3cpo8ftd to eos&le XB^'B irit an atigoepborie dopth 
of 10 g» c®**^  for 6 liotrs and 4? isinstoo owr i^asratiiid 
< oooBusaiti© Ii*tit«d@ t , ^ II)# 11» obiiaber <lxor« ©fter 
roforrod tN> n$i an assembly) oosslGt'Jd of two onits ( i ) 
i}«t«otor unit ( i i ) B^odueir unit* Tim detaotor unit eonsioted 
of a, wrtieni Inirers of J^O | » tMak Ilford 0*3 temisiotia 
oaxidifiotied .^ dtli ^ elseete of lead rM timi^ siton, :i%a prodi]oer 
unit ooaiiated of six layers of 20(: iM thiolc Ilford 0»$ 
oMololoiia earroiigied altoroativeljr ^tl i § Btmets of & OBI, thick 
0raphit«. Bus {!&ti<sctor and prodaoor tmits were separated txy 
10«l o»8 thick fttjftofoius, W& bea^y aetal Mseete in the 
deteetor doereaied the oeaq^eite radiation lenglb of the 
aediwi end theretgr eonde&at the dewlopiaeiit of high eaergjr 
eleetrowigaetie eeeeedee hoth lateralU and loiagltndimlly, 
2he eentral oaeoade regieoe appear as sharp dark line a whioh 
eaii eaeiljr he <teteeted with the naked eye when the eanaelone 
ere p&aeed a^aiast aa illeniaaUd srooad ^aae plate; the 
deteetioa of oaeeadee heeoaee aeoh eaaier ae oo^pered to 
otherwiee regtilar aoaiiBiBg of eMideioae. Ute oaeeadee oaiuMid 
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tgr tilt hi^ 9a»er f^rar* trem intttraotioiui in the 
ataom i^«r« ofvrl/ing tl» AfHsemtiUr ae w«U as tlioM produDaa 
in th« {roAnoar unit ami tba dataetor unit Gan aaaily ba 
dataataA in tlia lAiort tiiaa« 
Qn aooaun^ of tfm eept^ation tiatireafi tba j^rodmoar and 
the detaotov uuitat M,'^ ©Jier^ IH a^ya from tm i&taraotion 
lit the pradttoar mdt f^re ipitiall^ lisalS^  mp^xvte^ in tba 
dateatar* tlx^a ^^ ft%oi3.iti%ting t ^ anargsr eiertaiiraQenta on 
indiTidaal p«3B rapi from i^ a^ due^ r unit. In addition to 
aiaatroimsnatio eaaoadea aaiiaed ^ t&asa t«^ Qsra^ tbe dataotor 
alaft raeordet t ^ caBesde© iaitictad Isy T-e«y® Uro© ntjolaar 
interaotiona in tlia dataotoae it@olLf« 'Jieae caaoadae i^naraliy 
overlap witl^  aadi otiicr I)eeai2sa tte rcdiation iangth for 
oaaoadc dave»lapxi%nt in tba dateoto£' ia esasSLl W^^32 <m), 
i^ lmai^ Tf tim iiataetor also raaordaa oaaaadaa dua to Mgh 
anarur r^rnys f ^ o naoia i^r intaraationa ooouiTiiiig in ^a 
ata»apiiara aljova tlia aaaamiay. 4&tiai thera ara ^artm tjrpaa 
af avtnta raeordad in ttia deteotor ( i ) if«<ra78 £fora interactiona 
oaoHrriag in t^ dataetar itaalf »(ii) r-iPaora l^an intaraetiona 
aaasrving in tlw ataaniiiara av^i/iag tba aasenlbly and ( i i i ) 
rnrara trail i«laraetiona oaeurring in tba pziodiioar unit, fba 
atodjr af tii|^ ansror aoaXaar iatarrotiona eoaid Im laada 1v 
atadyiag aaaH af tlia iimm Igrpaa of avanta daaeribad abova, 
ima ttoaia will ba aaaaarwd aainaiy with tha atodjr af tha 
aaalaar iaftaraatioaa ^adaaad in tha irodooar unit, itoat af 
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mmm»Bmmt» art m« mim tor t^l ltyp«» of «vents and 
ttW of detoetorg ®f oiaiffir Idad snt^ «0 •elnHllmtioa ma& 
ionlaation 0^aitl»e7s, i!li«@@ ©XdotronlG detrntorn ssm OQ&maiM&t 
t& «tti% e#iij&iteiii^ii 9i' lite inmi^ ta with &Wcv vf®ntm^ jpirtl* 
oiatfty wltli ^ctnaiiit^ mir l^owt^ -a^  0» thm o^am h@M the 
i^ntiiaL r^mluti^n of @|.@otroiii@ a@^oos i s mtsallir poi^ar ^ 
oevtrnl orA^To ©f oi%gait;iii® as CQapsi?®^  to tlkit of mel«rj? 
oisalfioiMS^  Haet j»i»tiisft® a tao t^^ ia tr-€»s3?g fsrfiw in 
0Gm» with « ^ l aittiijase® feotroea tljta, fia© epatial 
SfooolQtioa i s of ®p©at i®pos?taac@ for th© s&«% ©f f-J^ sy 
onwfgy »p«o1r«w» ?vsrU^ermr®f Qt^ltt^^ tion of oii«'ar measaroaoatB 
1^ , t^ traoi oovffitim sittlmd ie mt .posstiKle for dotecter^ 
otli«r tMa mtoloar oamlsloiio* 
III tUm followiflg isoetloiuit m€ di@o«»» tli«i details of 
doffipi and •xponw'O of tiio nenoaiair* mlii^ iBeitt of o»ol8ioi»it 
mmxAw^ MA foliowiAg of iMsoedo® mA oiao@ifieatioii of 
•viiito* Also m dioouMi ia dotoii tlni oolootioii oritorifi 
Mid ooXlootiag 9mmr^ of mm diffi^ront typo of twnts . 
9*2* Miili Si malm m 9mmm ti lis mmBM 
m« aoaNMBitiljr of dotoottr Had pt&tmw unit* io oliowii 
ia n$»%m 'Hm dttoetor aait eoaoiattd of a. vortioal layoro of 
57 
200 ^1 tbiolc ZlfcfTd 0-$ motasioiis (•aeh Xnyor eoB»i»t«a of 
5 rows aM 9 eoltauit of ovnli^on platos oaoti of dlnonolon 
50«$ OB X Si6,0 OHX 200 ium) arraasoA idtoriiatlfoly with 20 
shoots of hoaiQr aietalii. ffaft iotootor iraia mmattrioal ahout 
thtt oonterat l int , 2ho iaaor tfaroo laotal shootot on olthor 
alclo of tho ooAtrol llm irore of !» sn thick loadt aejct foir 
@he«to wero of l»6 am thieJc tung itea cma the otttor throo 
eli^ota miTB ot 1 m thiolc l^ o&d* im&eionB aM ss^ol ohooto 
«foro oopaxfated \fy ^ m thick ohisets of polythono* 27ho layers 
lioro h0l& to>j»thor in a fixod position tgr an Iron firans* 2ho 
comiJOiite doteotor had a donolty of 1.2,5 g csT'^ t radiation 
ien^th 0«^?2 esif and ^osastrioal interaeticn length 12.5 cm, 
Bio producer units ^Itli t^wt iXi« face ra-eu SB thrt of th© 
d@t@etory ooaBifttod of fi^e layers QJC 2OO ,4m fciiick esailsions 
{&mh @si>l8ion layor oonslstod of threo rovra and throe oolussns 
of Ilford OS onmlsion onch of dlrti^ iioitkn 3(),& cm x 28 on) 
•rran^d altarnatiirsly with fiiro aheets of 5 m thick graphito, 
iBiilsions ana gr«phits shoots mrt soj^ ariitod W 30 ^ thick 
shoots of poljrthoJM, one pro^noor unit was pl&ood on oithor 
oids of tho detector as shown in l ig ,6, 3ho dotootor and tiio 
jprodnoor unit woro soporatod 1^ lo,I em IMmk shoots of 
st^nrefoas. 
* SMlsor oanlsioas nssd in this oxMriosnftt boeaiiso of 
thsir larfs oroa» taro •soBlsd on 0*9 as ihisk i^s t i o lAsots, 
to ths •x90titm9MX ooopsaiottBO, mvsotWi n» standord prids «oro 






























































VC^TJCAL SEcTiON OF TH£ EMUtSJON CHAW (9ER 
P f « P £ N O | C 0 L A R T o THB PLANE o/^ THS. UmULSION 
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fbB tint «IIA««I« tmnm i^ i^ Wlt9«m 
nmuw tetnia* v^pruttf iiM turn 
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iii)t«l« of tttfwl, (llnfiiBl i s a oowcreitl jplfttKle ftTailaU* 
in rigid •)!€«•«•, i t s oiwiBioaa fCHrmaa i i «9proxiiiftt«i7 0^ 2*^ t 
and fli* inliriuitioii tamm tV9e j^tti &11A m&iation l«agtli 
ar« cipsaroxiiKttly the MUMS aathom of grapbittt)* Sli* wlie1.« 
msmnVif was flown on a plastio lMil.loon at n T^tieal doptii 
of 10 gm o«r^ for 6 hours ani 47 nLantss o*v«r Ij^ asrahad 
(^lonagnotio tatitttfts 7*€Pli)» XnSia on tha ^d of April I9e5« 
ll%o tiiBS altituds otiTim of ^Sm f U ^ t i s Shown in Fig,7« 
Wa& halloon f U # t was organissd tor 'i!ata Instituts of 
FtiMpjaontaX Botte^ roht Boa^ ajrt Xndia« 
Tim allgsasest of etnsilslons i s ssMnti^ to follow ths 
oaeoeydss froia ons sanliilon to anot^ isr adjaosnt smilsion* 
S^ alignaont of oinilsions was dons sspariietsly for tioth ths 
units (ths producer unit wa& ths dotootor unit). Bor smalsiona 
ia ths i»rodii0sr tinit His aligoamt was aohisfsd hr exposing 
ths p'odttoer «8it to o^opegrs hsfora ths aMWoKLjp was flown 
on ths haiioon« Xht sacpossrs* wmo siioh that two erosssd 
X<«ajr narks wors printsd en ths 0 1 ^ sits oornsrs of sa<^ 
smOlsioa, Uswsifer» for sBulsions in ths dstsotor tmit, 
aligiMsnt oeald net he done in this wajr bseanss 3&-rsjrs get 
diffvss in passing throiMHi hsaiqr tastal shssts in ths detsotor 
imit« msref^ire, ewaslens in ths dstseter unit were aligned 
in the following way. At least fesr etssp eassadss (dip aagls 
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90^) wbiob ««r« viidiatt liar tlw asked my ia najqr •atatioas 
wmrm olioMa, Biis hat tJm aAtaatta^ tliat (Uaiilaoantala (ia 
w»y plaaa) of tl^ eat oaseadaa ia diffaraat analaioas wtra 
amXl aa tha oasoaAaa mttm ata«p» XIMI aonlaiaaa wtra plaaad 
oa a atafB aad ttraa travalliag nieroaoofaa vara feoaaatA 
oa tlirea wall aaperataft eaaoaiaa aad holaa ware puaohaA 
along tbe aagia of wtniXaiaaa ia a mBanar tlint tlia laaXae 
tmm n»f0raaot peiafts to tlia oaaeadea* tiain^ tliaao aaaeadaa 
t}m irooodtira waa rapo@taa for tiXl enaleioiMt ia tha dataotor, 
MiQjr Bttoli ataap oaaoadas wart oboaaa to aoMaire tb» aUganent 
of all aimilaiom ia tlaa dataotor aait» mmmsPf tbia aligtsosat 
ma& aot pei7feet» ao &xm% oorvaation faot<^6 «ere datariaiaid 
vriHi^  tlaa iialp of tlia poaeltad liolaa aad tha ataap oaaeadaa 
oadar a laioroeoope. ^M aa i^^ etad poiaition of caeoadaa ia 
aaooeaaime ataaieioaa wara oaloaiatad uaiz^ i^BB eorraetion 
factor B tegtltwr wit!i tha iatervaaiag thialnaaaaa of laetal 
abaata aad tlie dip aaiClaa of tlia aaaoadaa* After tha alignoMiat 
of aianlaioaa tbaat plataa wara aoaaaad iiod the oaaoadaa vara 
foUoaad aa diaoaaaad halow ;• 
13ia aoal i^partaat aoaaidaratioa in Hui daaiga of tha 
aaaoniiaj waa to dataet h i # aaar^r alaatroaeiiaatie oaaaadaa 
bar Tioaal iaapaatioa, 1 ^ thia parpaaa haafgr tMtal abaata 
wara inoartad batwaaa tha aaalaioa plataa ao aa ta dawiap 
tha alaatremgnotia aaaoadaa ta thair Baslam withia abort 
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Aii^aflots of their trmol in %h» aeteotor tmit. Sl» eatoafliHi 
can b« ae«»otft4 %Qr plaolag the •nnlelott ^at«» on Ulmlmtoa 
greoM ^aoo aerooii« tlM oaoeaAoo aitpoaroA oo Waok otroalw 
wliiob w«r« diotiagoioliaHo from «aratol»o and ottior Mirko, 
i%ifi waa poitsltSLa Iweaaae tlio ^laok narks mnaXlmat ia 
8aece80iv« ei«ileloiui l>Qt aoratobos and otiior merka do aot 
ooiitliina« In ease of donM ttm avusistwaa inopootod undor tho 
mloroacopo ana mada sure %tii.t tbe SYont was dua to a eaooada 
and xtot dtsa to surface marko* In all. 720 oaaoadea wore deteotod, 
f^t@r dot@otloai oaoh oaooado waa followed Imok towards 
i te oriQ$,n i& the detootor in aivsooseive etsuleioa plates asiiig 
tlie Uloainatea ground ^asa soreeii* IIMIII tba caseade booaoe 
too falot to ^ seen hf the fiaksd t^^ i t was followed nader 
the isioroeoope towards i t s crigiii &r towards i t s point of 
entry in the deteetor, m laentioiied Sflrliert the nuolear 
eaulsiens used in this eitperiaent wm& laotsited on 0«9 »&• 
thiok piaetio sheets and no ^ ids were printed* fherefore, 
to veoerd traees of oaseadea in the deteo^xr their positions 
in eBeeessive eflsilsioas w«re plotted on a transpsrent pspme 
with refereuBe to the punehed holes in the esulsion* mere 
are two adtrsAtasee of j^ettins the traeee of oaseadea on 
trani^^eat pepevs ( i ) dap&ieatioa of oaeoades ean he 
aipoidedy and ( i i ) eaeesdee helonslng to the snne faniljr ean 
eaeily he detested* 
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33ttail«4 exaiBlnatioa of otlgiM ftflft d«v*X9|iiBtii« of 
eaao®A»» l«a to «bo folleiidliig ot«sfilfioc^tloll ; 
f^ om tko alQos^ero nore olooaifS^d as atsiooj^ ieriia ov»at«« 
Za tliio ^90 of owntot o«(^ easoade was followod olthor 
to tm olootroti p&lr or to @^  fo« traoks with no lieis^botiriiig 
traeko eoavergliig to a point in ^lo aiJaooix6 saetal ^icot« 
In 0OB» oase^t the oaooado was foilowod to a tm^ treoks 
oatoring t ^ doteotof, 
( i i ) aiotoetor jj^atj 
Bie o&tioafSOB whioh w^o oauaeil Igr t-^ ai^ o ftoni Bueltfdr 
interaotiouo in tlio dotaetor itoolf wore Olasoifiod ao 
dotootor otronto* Sim* radiation lonffl^ in tbo dotootor 
was snail C0«S3a on) t*^i^» trou mielottr intoraotioiui in tHo 
dotootor laatorialiood rapidly witttout vmOk latoral MprmA. 
Sliio lod to an owrlap of eaooadoo duo to diffor«n6 t*^aya 
£roa a oiagLo inttr&otion. SfaoroforOf tlM dotootoar o^nto 
reiroolod ooro otraoeiro wiion Tiowod aa&or tno aioroooopo. 
iMili of tlioat oaaoadeo « is ^lloood oitlunr to a omll aoiRtoir 
of traolm witu oow atiiblwariflg traolca oonvoriing to a 
point in ^ o adjaooat notal liMOtt or in a few oaooo» to 
a anoloar inloraotioa in an oaaloion* Vmm»% oooondarjr 
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of following «li« Itotootor ovwuts* 
(Ul) ,^ aBfii1fo Sioato 
Siaot tiM dottotor aoA 1^ i)ro4iio«r unit wtro ooparatod 
tgr 10,1 em ttiick ntyrofoam, f^ rajTA trom a siuoloar intoraetioii 
in the irodncsr tmit nore latorally well a»p@ratoa whtn thoy 
enteemik the aet^otor* mia typo of ommt «Moh looked 111» a 
aiD^o oaacaOa to tho mkB& eyo aotualljr ooa^ priaod of a mitthtr 
of 8«parato joeas* por^lol eaooades epirtad oV»r a diataooo of 
a foi^  hundred ssla^ ona* Ossroful test waro porformd on the 
oaaoadee in eaeh of these eiejits to «3eaialii» tether tteee 
oaoos^o oottve^ ijed to a point in or outside the prodiiser unit* 
m hetl 20 ^E i^tdte eimnts and all these events eonveraied to 
Various pointe well inside the prodisoer wiX% \n attei^ted 
to loeate these events in the eailsions of th@ produerer unit 
hat did not enooeedy ao for farther analyela we aeeiiwd that 
the interaotione oooarred in the oentrel j^Bxm of the prodwser 
ottite, 
3.6. MesSlsa Oritwit 
The iron fraM anpportiag the deteotor shielded i ts 
faees bgr 2»$4 em on each sidee* Steals were aeoepted fer 
anelyiis ooly if they entered iria the unshielded parts of 
the deteotor. 
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Xlw •tti^l^my for irlmud d«t«etioii of a oftaoaA* 
w«« foQiid ti» ^ « foBOtioa of it» mtmimm oenlral aoiwilgr 
*^ MBx* '^ '^  ^ ^ ^ ^ ^ ^ * *^ ^ •mmm lOO ^  dotootioii 
affioionc^, flosM ooHeetiott mltmsim wmf aweot^ry* f^ 
thit pttrpoM «• plottoA tH* ia^me^l mmTatat 4l,atrilmtioa 
of Bjggj^  for ail oaooad<io« Ttao distri^tion imo fomm to oboy 
a power law of tb« tgrp^ g K ( > i> aox ) » ooast« X ^ t for 
eafioafiea with i? laeac > 0.56 and dip tm^oa In tlie raagt 
0.15 < 9la 5 < 0.92. '^ t lowtr wXtt«8 of ii mux the diotrlbutioa 
flattenoA on aceoimt of vofsas dttoctloa •ffieleaoy, fhoo tfm 
dotoetion of fleleacy wao 100 "/^ for oaooados with limm > 0.36 
(lawrgr > loot' Get) aM dip ea^oo i« t&e r®asi C.15 < Sla 6 < 0.92, 
iO dotoTffllae tlio doteotion efflolency for low ©aergy (< looo Oe?) 
casCEdeot we :»*©noved the etoop eam&Me fS?om thi sample aad 
a^.ia plottod the iatogrel ocoher dl<stribotloo of BBax. 
Aftw a f«w TlElB i t wao fouad th«t the detectioa offioionoy 
WHO also 1»; ""^ for oaaeades with vmm 2 0.18 (ijJtrgy > 470 OoV) 
aad dip aa^oo in tho fani^ 0.19 < 31n 6 < 0.60. 
flm j^tiotoaitrio Mthod of oa«rgr oatintloa wao poooihlo 
ofldy for oaooadoo that do^olopod to their imximm ia &ho 
dotootor. 9or atwo^liorio ovoato tbo otlootioa oritoria 
dooorihod ahovo eaoirod a Biaiwai path loagth of 9 rudiatioa 
loagtha ia tho dotootor. Shio wao oafficioat to doirolop tho 
oaooodoo thatr aoximai. ii>wovsr« tho erigiao of dotootor 
ovoato woro diolrihatod fairly aaiforaly ia tho dotootor. 
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!ai«r«fer«t teat tham «v»iit» an •AditioMil oriterlaa was 
Ifl^ oMd m Utiat a aiAlnaft of 6 mdiaUofi l«a8ll^« ««*• 
aviilabXa for easoada dovelojj^aiit. Itm prodtifiar a^ata 
dataotad alao arttiafiad tlia aalaeUon eritariA daatnritwd 
!{|i0 mm^era of aveiita af tlia ^iraa typ99 nMnh aatiafiad 
ovee m laotion cfritnrla diooaMad in %tm last aaotlon era 
6Qia::ciE'iBed its ^^ atda 3,X» 
i ^ ^ of iJ3gatt|s gf mffwaat ^^^B .iJBteetad 
—»i»«i»ninwli»»iiimniinilini>iiiwi«n»p«n—wiim iim ia«iMi«>iM>i>iMii>«i»«»i«»«»ii>«i»aMlNlr>» 
1*3rpa of av^ iitt KnR*fi3r(aaT) Hansa of dij^ ^xaUbvt of E(^ e<:^ t>e 
&B^9 SiB 6 avanta D&^ r^  
I ' l l — I W — l l l l l W I I M I H I I I I l M m m i l l W I W i U M l •lll|llllllll«MIIII»ll»«l«M»«l«l|»«l>«l|»MII|«>ll«lMII|IWilllt«IMIMI«llilJ IIW HIHIHKiimHH — < l | M M I W H m i l « » C ^ * " ^ - ^ 
Atmts^baaple { % 11000 0,15 - 0,92 43 
avanta [470 < isy^  10<X) O^ IS - 0«60 36 
< I M^j^ Iim 0 a 5 - 0 3 2 122 
4T0 < 2^  % 4000 0.15- 0.60 150 Dataator afoiita 
170 
H ' 3 
Qraimita airaala U iiy > iOOO 0.X5- 0.60 14 ,,3 
L S Ev < c^>oo o\s- 0 ' 9 l ^"^ 17-0 
Tlia aalaatioa oritaria for tUm aaeaj^ tenea of diffarant 
j^rp*« of a vast a tprara diaoaaaad ia aaotioa (3* 6). Xha mmh&r 
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of taeli %fptt of •wntf v«eerd«4 dop«iiA«d on tim aaoonfe 
of witUr tratttrati taf tiwir pri»ri«Sf thoir infeoraetlon 
BMaa fr«« nf&ttk and tlw gtoMtrj of tlie pirlwrioo in tlio 
Aot«otor« Xa ordor to oorroifi^ tlit mmtm' of ovoiito in 
oaoh oatogory witli tboir jroduetlott ratos at ttm top of tho 
atnooplunro* a kaowlLodKO of ^lo oolXooting povor (oB*.8t«rad«aoe) 
of tlie oliaiBlMr for oaeti tgrp* of «vo»t» ««• ossoixliel. tHo 
oollootio^ powor was dofiasd txy tlit OQtiatl«ii 
w.^0 . , io t l . ^ ^ Of o^at . Of t , . i ^ typo dotooted. 
^^ cm g^cufS) IB t ^ iatoraotloa mm firoo pith of ^ o 
mioloriir aotiiro psrtioloo in tho approiriato imtoriol, n^ 
(iiU2s%or/g» otorad* «oo) i s tlas prodootloa rato of tlM 
1*» trs* of «~Bt in th l . m t « i . l at tte tep of tb . 
atiBooptiiero aM Sj^C OBi*'»8tarad,o»e« ) i s tlis eorrospondiiig 
oolloetins powir. 
Hm ealovHation of tlio oollootiiig poimr intolvos an 
iatogratioa oiPtr tlio solid fiMStrjr of tiM mmmMj dad 
otir ^ o al l sjpaoo aaglos allowod 19^  ^ s dip aai^o oritoria. 
ostallo of tiiia eoi^atatioa aro jproaooiod ia 4pptadlx 5A. 
Oollootiag posors of tlia assoabl^ liafo boon ee^patod for 
tlio followiag tiroo typo* of of«ats 
(a) latootor ovoats (orlgia ia tlM dotootor},(b) %apm.to 
ovoals (oriffia ia tho prodooor aait) aad (o) AtaDsplurio 
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Y«loi0 of tlM eoUMtiag po««r« art gk^n in XR%1.« 3«2« 
.2 
of 0'v«atB oon t^xted fo» diff<roAt vmm of dip ait^ts imd 
diffa^a:! i^ ltt<»fi of atlomiatioii length* 
liiillllMI««i|>ri»iiM'»iM>iwi«iW««ll»wwiwM«»lt»il|il»li«i»»«»iiilMliiir»nl»<ir«iill«^^ 
<l««lwl»«i»ii»«>Hl»wi>«t»w«w»»iiiriiii<w«i»ii<i«w«i>«i^^ iiitmi iiininwmni 
I © a ^ 0,60 i O.eo - 0,92 
i^ jr^  of »m»^ AttofumUots longtb (gB oa <^  ) 
&&^t0 ewsffca 
(atlgiii in tlio 
i^t^ot^r ovoi^0 
(cri^ln in ^e 
deitotor ) 
Atsio8|^«rio emnt 
3,50 m 10' 
i 4«23 le 
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66 m 
























5>.2 X IO^ 
2,2 X 10"^ 
2.02 X W^ 
1 .5 X 10*** 
1 .»*2 X 10"^ 
l A X 10"^ 
h,6 % 10"^ 
'>.05 X 10**^ 
1 ,9 X 10-*^ 
5.06 X 10***" 
2 A' X 10**^ 
5.06 X 10*^ 
1.1 X 10"*^ 
1.2 X 10*** 
3.^ X 10-»^ 
66 b 
Event Ve« S 8 S (QeV) 0 radiant 













V . I X 10-*^ 
5.6 X 10*^ 
10.9 X tO-*^ 
12.6 X lO"**" 
9.3 X 10"** 
2 . ^ X 10*** 
3.6 X lO^** 
6.6 X 10"^ 
1.5 X lo*** 
3.1 X lO*** 
a.9 t 10*** 
?ro«t Table 3*3 we sea that the total energy of each event la 
<1000 {le?« According to our selection criteria iScetion (3.6) the 
event of total energy x^iy^ 1000 OeV and in the dip anglei* in the 
range 0.l5<Sin^4 0*92 are considered only. So &11 the aheve eiz 




Burim; a vleiMa oean of •nolsions in Hio A^teotor wait 
of 1iha esaalsioii eliftiabttr« WBX^ oawifidofit \«IIJ.Q|I on detftUod 
oxasiiimtion tiBdcs' A alorotoo^a ox^Htod msHtle&x^e otrootttro 
wer« found* IlJe dotalls of tlM» oxposere and cdii^el.tioa of 
tliG oimdsioii obeiidMir «rare given in clmpt«r i n * loot of tim 
isi;atioor« oaaemdiis w«r@ dw to naeXodr intei^aotiono in tho 
dote»otor onit iteoXf. Sineo tHe detootor tsnit m& the ^i^bito 
prodnoor ttait® «@ro oeparatod hy 10,1 oos of etyrofoaiat it high 
@ni^^ interaction ooeurring in tho prodiioor unit sm» rise 
to oovtral notir paoralliA oaoeadoei vliielif in tlio detoo^r iinit» 
w<ro (q^oo ooj^atod and well roflolved. out of 720 oaoeadeo 
of emrg^ > 470 Qof oxaainidt t^ mnty tiiiflbi ^^^^f^gy oasondeo were 
found to t>« ooooapiinltd 1^ eHMc oneoadoe wlioM oeperatione 
fsron the stain oaooade w«ro leeo ^inn a foe hnnirede of taierone, 
laoh of 13i« neaar peraXlel* eloeely oiiaoed oaeoade sjjretemit 
hireaftor teroBd aa ^aptaito eirenta« were oareftaiy exanined 
under a aioro«eo9« in •e'v^ral eauleionn of ^w deteotor unit 
and the relative diatanoee of the oaooadee in each graphite 
event eere aeearateijr deterained* IToa ^eae Beaaoreaentet i t 
«a« found that theee twealgr evente liid origtne veil ineide 
one of the 0r«phite unite* we had atteapted to looate the 
ittteraetioMi »#qponeih!le Stst the ^aphite ofral* hut did net 
68 
to teftirt takwji plno* in tlsm etnlriil. ]^ai» of HM prodoeor unit 
SUA dot«rBiaeA tlio angular Oistrilmtioii of X^^ eaooadoo. 
Za tin mmXf9im of tbo ar^i^tt ovMitOt wa fili» asannid th« 
iatoraotioaa to te of tins ttiiol«oj»»meX«oii eoUioion tgrpt. 
fte ai&stireatttttft on •mtgy a&d anigolEir dlstritmtioiis of r-^ aySf 
in ^» &etstpWm ovanto yleldoA tim rasnXta on nultiplioi^t 
tTfinsforso ana longitadiaai aontntitfi and tlie i^ AOtioflia amrgsr 
dietarilmtion of IHrajra in taoli of Hia Intoraotiona. Xn I9ia 
following oiotiona wo diaeuaead tiia <»cperiaenteiii dataile 
auoh aa affiaianejr for aateetion of ^aptiita ewnta« enargy 
siaaaaraiaBntaff angular diatribation of ir«3raaro ana tba tranoverisa 
aowntua diotritmtion. .m e^ ao dioouaaad tHa ematgy apaotrum 
of naolaar avantOf fraotioned anarg/ diatritrntion* nonantuB 
diatrilmtion of T^ a^ya in Q^M»ti» and finalljr ttia multii^ioity 
of ir«raya ia diaouaaod* 
fim affiaiaaoy for raoagnition of a grapltlta amiat 
dapandaA aaiiAjr on t«o fBotera $ (a) i t anat la^m at laaat 
ana r^mj alioot amrgr vaa > 470 Qat. km diaeuaaad in aaotioa 
(9«i)f o r«««r oaaoaAa aaa Aataetad aitb loo ^ affioianey» 
i f ita Aip aagla 6 aaa in tlia raoga 0*15 < Sin 6 < o«6o and 
ita aaM i^r aaa in tm itttorva 470 to 1000 OaT. fttr iadindttal 
i^mm&tM #f wmm > 1000 Ottr* ita 4ataatioa 9tn9i9nof w» 
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elo«o to »iiilir iA tiM dip aiigL« Twam 0.19 < Sin & < o«92* 
Alto 0r«ptiita ointflls* vliioli r«Ai«t«d •mrgy > 1000 9«? 
in %h» fom of Y«4r«r»» vtr* a»t«ot«4 irllti sffioitiMgr oloM 
to wBii^ ^wm i f oom of ttia r-vayg in tte ovont iMid enirgir 
> 470 QoY« Btt miiii roASon for saoH a high Aetootioa offioionogr 
etooaiiod tp^m it» tr&mnvatm aoraonta imluoa of T^ a^sro fonad 
in this ma woU at otlMr os^erioojite, 3!lw tranavoroo ooaontiiiB 
•^ atiOB of ir«ri^ 6 wore vorir BUBII lowor so oon t^aiod tilth tlwir 
movmntm and hsaieo tbo ooiipotiito ommeA^t I^KHI^ yo«ooi»1»ljr 
voaolvod as soperato e&ma&m tm a^r Itia^ aisitifiCAtioiit bad 
a Qei3tr@i omaoado Aoasity smfifti higli^ than l ^ t toe to a single 
1f«r£iy oeeoadt of energr 2 '^'^ ^ ^^* (b) Hio i^eond footer 
doiionded on tlie irianzy oatrjgjr on tSio Internotion end i t s 
X'^By SNiltipilioity. i i^ instanooylet ns oonaider a graphite 
event« whioh estltted a sin^e aentrai pion of energir > looo QeV« 
11m irobahiUtr that one of the X^W» of this neatral pion 
deoajr had itmtgy less than 50 UeT im» oailr i 15"^ • Our 
deteotion effieienegr of Y^ rajr oaeoades of enerof ^ 50 ooT was 
olese to ttttitr AO dieottseed in eeetioa (4.2,2}. Shas at leaet 
one neutral pion esissioa of eaergar 2 '^^^ ^ ^ ^'^ ^^ inker-
aetien »ae essential to reoogaiset the event ae a graphite 
ofeat. In o«r experiaeatt oat of l^ vanty gri^hite eveate 
reeerdedf one event had ohljr tee r«4raar eaaoades. lor the 
reasons eited ahovot «• reetrioted oat aaaljrsis to eveatot 
whose dip angles imre ia me raage 0*19 < Sia 5 < 0,92 and 
tetal eaergiee ia the fera ef T««a]r easeadee were > 1000 QeY, 
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OiOjr fotrtatn •«§&%• saHsfitd timtm eritflria mid dt ta iU 
ttiiBljr«i0 im« oo&fiiMid to t l » M •v»nifl(« ftuia «• ooiwlii6«a 
tliat ^i« 1068 of fraj^lte ovtnts oonsidartd for aaalysia 
l a oar tcia^lo vaa ntgliglVLs* 
I n tbe grajphita ev^ntt th» laoat aa«ri»tie oasotide uma 
aocom^aoiaa tgr lav emr&^ T-^a/a ^ B D * llSuitf «o alitala tha 
total radiatad &mBesr i& lam form of v«^aro i n an evant^ 
i t was aaotatiaX to detaet a l l V- i^aye itreti^ctiva of thoir 
anirgiaa, 'J3M» dateotion affiulam^ of a VHTUST oaeoada wae a 
fimetion of lt@ emt^ as mil ao i'Cs patli langth smUataa 
for Aavalopntat i n tlia Setaetoi^ iuiit« mr iaataneOf in oiar 
dotaotor unity a £»0 OaV ir«a?ay dovaXoiiad to a etticaaa si&xiisiiBi 
of atoottt 7 alaotroa traoka within a oiroXe of r^Oiaa of 20 
•iorona end i t was dataotad wilti a naar Xoo"/ affioiaaoy and 
tlia dataotion affieiaaoy «aa onoli lowar for V«r^e of 
aaariir iaao tiiaa 90 OaV, T^tm to dotaot a l l t<-3*ara of anergf 
2 90 Qa?« «a aaaaatd aaiarol. aaalaiona avaand tlia aoot 
aatrf t t ia oaosada at diataaoaa ranging iram 1«5 ta 4 rnray 
eanvaraion laagtlta fk-oa tlw paint of i ta aatrr I A ^^ dataotor 
ttliitt tha latarai araa aoaaatd i n aaoli amlaioa waa auf fioiaat 
to dataot r*«ajra aaittad «pitli i n aai^a < 10*^ radiant, fliao 
in aaeti aimai «a raoordad a l l f-roar* of aaaErgy > 30 OaY^  •nA 
anittad vitHi in aniflto < 10*"^ radiaaa with affieiaaoy oloto 
to aait jr« 
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A iiliotoiat«rio ne^ hoU «&• QMA to dttiraim Hi* 0iMrgi«« 
of oaaofUI«8 2 ^'^^ ^ ^ ^^ diaeusiitd in stotlon (a*9«l)« Bowowr* 
for Xov enmsf eaooad«8t tblo toohnlQiie nm« iimppIiOftVlo* Hini 
to detorBinft tlie oiiflrgloo of T'^ ajf easeadoo in the rafigo 
> 50 Uftir to 700 aoV» tlio track (woAting mtlioA was adoptod* 
b^i&( mettiod ooi^iood of d@t«rnlJiiitg tlio mmhBr of olootroa 
traolEA witH ciaidoo of l!i to 90 mioroaa radii at diataoeos 
f%t»m 1«9 radiatlott lOflgHui up to tHo maxiaoBt de^rolopiwat of 
tbo ociBcadoi aM mw^^lm tlieae aum^ tt* vritti ttiooe giiwn tjor 
Bii^ Jiniira* 0 timexy^ Huui tiM ejaarsiee of tbm oaaoadao wm 
detirmiaod. Iti tlie traolc i^untifig c36tbo(l« in aom oaaos tliore 
was an overlep of olootron traoicd botwaon oloooiy apaoed 
oaaeados and dao allowanoa f«r tliie ovarlap was taado to obtain 
thair anorglea* In tlto aaargy re^on* whara both ii»ttiod8 wore 
applioablOi «• eoaparod tbair 9ms^ mluo* and foond 13kat 
tlio tmmgjr tatioatlon b]f tHaoa laottioda nao ootiaiatantly igood 
to aa aooaraoy of alioat 2!9 ^ • 
Aa tlio priaarjT iAtaraotioJia ro^pojaaitHo for tlio grapiiito 
•fOBta vara aot looatabia ia tlui aaolaioiia of tlia ^^apliita 
uAitat tlio tmo dirootioA of tba priaeorj ooaaio ray for aaeli 
avaat «aa aot knova* 10 d«t«raiao ttiia diraetioni M ia aaamwd 
ttaat nm iat«rii«tioa liafa oooonrad in tlia oaatriO. plaat i f tlia 
pradaoar aait and dataralml ita loeation from tlia ooavarataea 
71 ^ 
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mmmwwmn%» of ttw X^99 0MauA»9» HM Mooaft point (x, f) 
«& tiMi axis in nm plant of a Oofeoetor Ottylsion ime dottralatA 
fron tho foUowlag •x^oooiooo 
t m im ••• •..••..^ . 4 HM f m JL 
«lisro %|^  AM I^^  «oro the lo^tious of & f-^tiy liasosde of enirgr 
2 ^ ^V«r0XfitlTo to tlio i^et irosiwnt 0&,mwiM and ^ was tlio 
onorgf of ttMi oaaoadfli. Biie doterminntioA of ^lo ©xis was 
prof«rr«A ovr^ ^ o eontro of nosieattia aittiod &@ i t mioiffiiood* 
th» root mean &q«@r« V!R3.I:MI8 of tto tritna:«ireo ossiisata, &« 
OjrMioo an33.os) il^  of a l l tlit oat^ados mre ^t&i*wim^ in relation 
to tlio axis d@finBd at)o^« Ttm s^ ts^ id aa^es Og eoiald Ije in trror 
t»y about l^''^ » ^oat orrors naimy atoisasd from th^ assmaBa 
VEltttB of ttoi tem positions of tli@ir paroi^ interactions, 
] ^ data on spioa an^os and encrgioe {> 50 Qo?) of tho 
easoadas for oaoli ^aphita avent arc euianarisad iH 3'igiir«s 6 
to II , Figtira 8 liatSf th& avont tiumtwrt ita total mmrgy 
£ B», in 1 ^ form of tHrttjrBf auXtiplioilgr of r«<iay* nnA tlioir 
indiiridiial aasrgiaa C^), ngure 9 sliovra tl»i distribution of 
log|Q tan 0|. varsas d» for aaob arent. Soatttr plots of 
trawivtrso noMatm p^^ vsraiui Q^  pjid difforantial distribution 
of tbs traasfwsa aBattttaa of tfae Yvcsgrs fbr tho fourtaaa 
IprapHito oiptAtB ara albowA in Viioros 10 and II raspsoti'voljr. 
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I^ OB tlw •iMB'gr JS^  and tli« aiigi« of iHlaviofi 0» tlit 
tr&ii0fir8« UMiwiiiliini 9^^ imiiM for oaoli r^ -^ niar «»» oo^a^A« 
Silo plot of Uie tr«ii«v«rat aovonfeiiA p^ .^ agiaAot tho ania* of 
otsiosloB 0 for iHraro la oi»irtt in l i p r o 10« 
mfforeixiiai pi4»t of tha transverso nonontim of r««8y« 
of eneirgf E^  ^  ^ ^ ^ omit tod wl^ilii mi angLo 10**^  rafllaa in 
slioim jtn fignro 11« Fmf t^B9» of tranervortso soQeAttia > 200 mf/e 
th« otiaor'ved p^ » diotrilmtion i s itoll appsexlBatea by on oxpoaoiw 
tlsil, ftajaotisn of ttie form 
«|j«r@ A io ei eoaotant ana p^  « 3^ 10 laiV/o* lo f iM the amara^ 
o 
tranatei'eo aomiitiiB of V-^ ayo* tlio icoowlea^ of tlii fiomboro of 
r-rayo of oDfflrgr l|. < §0 3t? ana t)iooo osilttta in ttoo amedme 
raii0» 10'*^  to 0|/2 ^<J^«^ *&6 ooMiitielL. 
Xho luifldiar of r^ c'ajro of oiMragr l^ < ^ ^ ^ **i' obtaiaod 
ao fftllowo, nm oboorYod p^ .^ Ai otrib&tioii (%v^^^n 4,1) oooIA 
bt roproduotd i f tbo traagforat nwaontiiB difflrlbBtioa of aeatral 
piojui was roiroaoBtablo V an oxirooalon of ttia tjrpo 
*^ 1? o) *» « * -^"^ •**»^ — H . . ) dp ^ . . • (4 .2) 
%ir %«• 2 Pi> tn" 
0 
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t^^n imsmsi ttivtr ii!^«0 of en^&Moti 
(0) r©r mieh eveat. tailM cori?a in tf 
figure rQt&.m t o t'n® lo#iir liiult of 
IHrfi/c &mr^ Q* 30 QB\\ lam dotted 
oi r i^ o©iT«»pe»a to ttse tipi)« ir-a?,'jr« 
lUsIt i . « . 160C Q«V, 
\ 
\ \ \ \ 
. \ \ \ 
v^VdOoodl^ 'iB 
• • 
• . - X . » 
•• 










ttsing tlitt atkovt «xpr«8alott» ttii dlff«reiitlal traiiswrM 
mmotKtim dlatrilmtion of T'-a^ aya was oiaoia.at«a^iA this 
oaletaation ttm rest tmss of matrcii plon was eiloo iisolttAod. 
IMS Oifitrilmtion was tmn ussA to^tlunr tiith oxperiia&Atfil 
transfsrso ao^ e&tiitt distaributioa of ir«-s*ay8 (Figurs 10) to 
ostioato tlio tttsalMr of If^ raye of emrgsf iL < ^ do? in tbo 
whole i^ siptOf ^ae xwn^ bsr vrae fouM to ho 91 (;Petail8 of tho 
prooeauro folloired are glwn in ^la^n^i^ A^) • '^^ aetual 
muriber of forays of @$imt^ JL, < ^ CSOV ohg@rved during a 
soan of tho ^i^oions was 2% ^Q ohserved an^or distrihtition 
of tr-sfeoro was 63ctrapoI&toa to oslimto tha musher of r-rf^a 
in ^@ angulor rtmm 10**^  to O /^g X'aiian, iMe isumh@r was 
found to bo 6» 2to avoro^ trGngvtsrse ooio&ntQm of th» se r-^ sQrs 
wae tlion eetimctea W «mtrapolating t£® ohsorvod average j^^ 
wrou© 0 plot. 
Jhe msBJi tranefoiQO laoiaentiia of T'^ j^re of oncrgr ^ 2 '^^  
OeV* enitted v^thin an an^e lo"**^  mOism was (230 ± 16) ^V/o« 
If r - r w of ..erar Jiy < 50 G.V ana 1to» «««t.a in tb . 
angolur ran^ 10**^  to Qmj^ ^eMmn mr& elm inoluded in the 
distrihutiont < p^ |> > was found to he (221 • 14) latv/o at the 
wdian ensr^r < r. K. > • 1600 GeT* 
!%s nsan transverst laoaentttm of neutral pions was oos^uted 
f^o» the expreesion 
< p ^ >^  » ^ 
< p > 2 . — ^ ^ • , , ,J_. • . .(4.3) 
*''^  4 12 
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le f t 4 0 0 etto g^e 
^i^C MeW<^ J 
>e«* ia«e |4foo 
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AMQiiliig that al l ir«Vfijro iv«r« due to tlw ttooaty of nootrA}. 
pioaa, Ito Vttliio ims fouM to bt (441 • 23) iii?/o, la 
figtro I2t «t ilottod < jp ^ > as a fkawtlon ^« wlioro S^  
i s mm ptimm^ %mtgy ot HIIB iuteriaiotioa gl^ ii^ i iQr B^  » ft*5^B^. 
Xn tablt 4«lt w« iaoliide tlw pt^tsmxt data ae Mi l ao tboM 
of otiiaro as also iadioatod in the f ipro 3.2» BiO roatoits 
Indicato tliat < p .> iaoreaios t«a?3r oloii!l;ir with M and (»ui bt 
t i l ' ' " 
aps^ s'oxiiBatod ligr tho fKnotion 
< p . X « 0.238 S^ **^ * 
Hui total nyrnhtr of mteXe^ ©vants, ijsitiated by t-x'ara 
£rom intoraotiosa iu the dotootory detooted iu aiffOronfe ratia6> 
of dip an^os c^e glvon in lublo !I«X, Sht o&orgir of oaoh doteetor 
owiit wao oaieHlatod lor dotoraiAias 1 ^ awaciwaB eoatral domitar 
^\tax ^ ^^ j^toaotrie ntttiod dieottoood in oootioa (2«5.1). 
f^lM* i s rolatod with tM mmPST of tho mioloar ovont by tho 
rolatioA ^ I^ • 3000 I^ J^^  • i3iio to Max x^adittion long^ 
itt tho dotootoVy t«-rayo fros aa iataraetioa ia Hio dotootor 
rapidijr dovtiLopo loagitttdiaol}/ vithoat aar ai^rooiablo latoral 
oproad, fhorofovof aaoloar ovoat io oo^ poood of otiraria 
oiHivlappiog oaooadoo duo to a malbm of r^ vagra* troa oootioa 
2«4i 90 ooaoladod that at tho aaxiaua dovoXopcioat of tho aooloar 
oaooado tho diotribotioa of olootroaa io olBiiar to that of aa 
76 
Mean ^Im of Pien fFmmmirm UmmBtmt 
A» & Wumti & of BTiBflrjr &mitgy 
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Sato fit ®1.®^ 
lattos ot « 1 . ^ 
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l\»wlfr and PorlOiw '^  
i^m^M 
I?l0t of tlte pion trimsverea saoiseiitiaia aa a funotion 
r 
76 ^ 
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•itotroBagiaetio •TSJit IMtlatea Igr a Bin^9 T'^ey^ wtme9 
en«ray io ttui mm of eiMrgi«B of @3.1 V^ a^jrs p*iiient in tt» 
nnoleco? ewAt, Zf «« ao^eet tlia oontritmtxofi fi*om low 
Qmsgy Qetttrnl. ^ o o is^ tiioh ere proaooed nt largi an^oo 
to ttm direction of tbe ptriseiry pctrtioloo* then «• oaa 
defit3e the ^n&p^ of a imele;^ event« s S^f t»3t ^i« enc^ rgf 
radiated in t£ir,} fora of lusutraX \jiQm -^o^Qed iu tho 
iuternotion* 
4.'li« oolltoting powers for mxolm^r ovaate fc^ different 
ran^s of dip cB^es ore ^ven in tatde 3*2» fror. the table 
wo om that th@ oolleoting poar^ r© for moleor eireats in the 
rcmiJB of dip ac^^os 0,15 < .'in ^^  < 0,60 i s 9»1.l KIO 
(cs.^sterad* 3Bc*) ©ad It ie 6*55 Xio ' (o^^sterad.seo*) 
for events in the ran^ of dip angles 0«I$ < iHu ) < 0«92* 
:^ hereforef the \ iei^t I»6 were ^iren for tSie events in tbi 
en@rgir range 470 < <;: ^  < looo ^¥t in plotting the integrc^ 
©nerg^ r epeetrum of nuoiegr events, 
aie speotruiQ i s shown in Figore 13« Over the whole range 
of en«r«ir (470 • 2,2 Xlo^ oeV) the e^ peotrma ie hest fitted 
hy a power law, 
-1,54 • 0,06 
s ( > >. iS^ ) = Oonet. ( : iSj. ) " . . . (4 .4) 
The epeotroii of detector evente nhlito the epeotrun of r«rnys 
f 2 .2 l ^ 
77 vV 
z E^t TmU&%9A in ttm fi>rm oS mutri^l pioixs 
in tinedi«nT i&t«r{i0tioxi» owmrim in the 
€etooti3^ unit. 
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6o6o not show nx^ st««p«mag and i t oaa M rtsrtotnted hy a 
oln^ O.* powor Im iM the wbel* ranigB ol enargir* 
in each intiraetlont ^>A frmotianal mtmrgy t » iL/^ B^ 
for each ir<-ica^  was oo» i^it«d axtd ttie differential disf^ilmtioii 
for valaofi ©X f > 0.5 la sliown la rigur* 14i for f > 0.1» 
tl30 aiHsotruit wan well repsreiieiiitea 1^ a eio^e exponential 
of the form, 
^ « i^ .4 eatf. ( «f/ 0.153 ) •••(4,5) 
df 
all© exps?eesloii giten l^ jr equjitioa (4»5) refers to V-ray 
of energy '^ > 50 ae¥ ®M D < 10*^ radiam ia miolear 
izsteraotioiie of neoleons with oarisoA xmolei (these are 
considered to he iittoleoii»iii2eleoa type of oolli«ioii&) ftt sa 
airera^ prinn^ ry energy K « 10^ (JeT» An i s diseassed ia 
seotioa (4«6)i l^e ir<*r«y8 ohserved in lliese iatMreotlons 
apiroxiwitely eorreapoad to those esitted ia the forward 
the Y'-rays to M) aeV« wosld result in ani tiBder«eetiaate 
of the totsl radiated eaergr ^ ^ liy shout 1$ y^  , Bui Yslaes 
of f and ooaseq&eatly the expontats ia eqnatioa (4.5) ahowe 
will he over estinated, oa ^ e aiwragSt hy 19 J^  « 
She expewatial tern of equation (4*9) wist wxpC f^/O*!??) 
eaa he traaidBerasd to iadieate the eharaeteristies of the 
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9mrgy di«lri!mtlott in tliift o,i«s« Time m h&ym 
^^ uf (1*00 008 a*>2^ r^ j ^ (!• co» a*) 
wber® T^  « ttm X^ orenta factor of ttio o.M.r^ , with rospeot to 
the 'iB^tiOTtfXary eyotem ( 
V.2 ^ ^o - ^*^ ^ ^ 
® 2 2 
1 1/2 BM ^^m C 1.. ..JL ) ^ 1 •..(4,7> 
:^  i e ttui ojsergsr of ttio r«^ey la t ^ a«li«d« aM ©« Is i t s 
aaitLo of oialoaio]] witb roQpeot to tito direction of tlio prlfflery, 
M ti&n oot tbe nvorast <«Rltis of Uoe 3*»v--0«!^ t ttsiag thoso 
rolatiox» and api^rexioatioat we baino 
- oxp |a.$ X6.5 xtg sf )/co,i53 xar© ) 
"S OKF (- gj/ 3.06 > ...(4.8) 
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If ttM BpGotrum of ttM %^ momm emitted trem a piotk olooA 
(or a flrobstlX) in ttm forward bradlspliara of tlio 0»M,s, ootiia 
be represonted ti^ an oxjpom&tial. iietribatioii of tho typa« 
021^ « I 0 '^  * -^% . . .U.9) 
IT * H*' 
tli@n ^ota ooni^iEioti liotvirBeii eqaatioBS C4,6) atad (4.9) 
onlj^  iMioatea tliat tlio diatritrntion of is^  Eseeona io the G^ii,'\ 
x:m tJ© of tho type :^mn Issy eqi^ Atioii (4»y). In ©eotion (4.6) 
a dotollod Qpmtltativ@ aiiilyal,a i@ carried out ^kiob elxowa 
tliGt t|]© obiserved T-^^ ©pcotrtna i© indeed oon©!stone with e 
©peetroffl for -iP moaona in tij© Q» -i^u^ of the type siven hsr 
eqimtion (4«9)« 
Qtr recialt on the f^tiotioofii enes*^ dia^ilmtiDn ie in 
general ^^mmM with the reaiata of HallioAra mt m3.»^ ^ » 
lattea et ta.*^ f^ and l^ ileihaev et nXm who reported that the 
fraotionai energy diattrihtation waar^vreaentabOie h? a ein^e 
Bfi 
exponential fiaiotion« Ihe reatat of ^ to et ^« • howeirer, 
indicated that thia diatrihution of f waa 89ore eootplicated 
and eoBld not he fitted with a ain^e exiionenti^ fnnotion« 
Xhe laonentiM of a f^ey in the C,M«S, was oonputed on 
the heeia that ^ e total entrgir in the interaction waa IL«6«9 ^ Bv* 
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Biiff «»• toaMd on tim f&jc% that in s e w a l exp&riwantB^ 
tiM ploB intlMtieity K^  was in tl» range o»39 to 0«55» 
w« adopted a i^aiio of 0.48 for g^  to obtain tfao total 
onerior E^, lifet ftrtiMr aoaoaed tliat #re]^t« oimnta aoro 
of ttio nool«oii»niielooB oelUaioii typm and Galoiaattd tht 
QoAian an^le 9^2 ^^ ^ ^^^ intoraotion oaing tan 9^/^ • t/X^ 
wliaro t^ " ^i/ i*^m Tin* loagltndinaX aoaontun ooi^ndnt was 
nmn ooB i^itod uiing pfi * t^ 9(000 a « p^lt i^ero T^  io tbo 
Loronts factor of tho 0,L'«3. and ^'.^ la ttw iroioclty of C,M.s« 
m unit a of Jf 2 and 9 raepeotlvely are tim oislsalon an^o 
and {i!oi3ent;tiis of th» ir«>ray in tha la1>oratory Kjrsteis* 
Figaro ISj ^o»8 the plot of p^ irersos p|i for r^ r^ajre 
of ©nargjr j ; 50 Oe? In ttm laliorcitory qjrstaffi, ilie oontlniaooo 
cm^'m In flgnra X§ resrooonta tfao lool of p^ r&t ana pf, for 
t-sraya of aner^ §0 aalT. 
fho mta^al axperle^ntal distribution of T-^ ajTo l . o , 
H >Pf ) vtraua pf in ttia Q,ii,^ « la aiioiin in f ipro 16, 
ftaa oontinnoaa oirvo in fignra 16 reproaania tlia oaloulatad 
a{»ootri» of ir<«aya aaanaing that tho diatribution of plona 
In tho C.MvS, la of tbo typo. 
41^ , • I -xp ( - pyaP ) dpj . . .(4.10) 
«baro» 2* la tbo aforagt tasq^orafeiro in Qo¥/o of tbo 
8 1 0^ 
in tilt 0,::»r., for f«^ c^ © t'/iUi emrgf ^ft"t«r 
tlicm 50 OsV «®S.tt«S with in tie noaicin asig^* 
d y^^  for £iU tliB mmxAn^ M critie^^ f}«irf« 
oo«r««^M t© r-rcgr «o«rar or ^ (tetr with 
t B^m ifiOC 0»V, 
^jj (H«v/c) 
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mioi^ii^zi&oleeii syeteia for ttm ^Mm^Mon proetit , A moA 
f i t S&r thd t3cpria»iitfil @peotriia of T*^ @j^ e i s for a irnluft 
of ^ ^ 2.1 GoVo* 1!l>i3 di tei te i oaioslatioiis ie siwfi in 
In an iat@raotio% i^@ totsdl £»iEil)@r of pioni pro l^iiood 
ooaid l»e «0$i!ii:t©d !%r a8@m3.Bg Ct) ^'^ X'^®^® ^^ ^vm to t^ 
&m(W of iisQ'^ai pioaSf (M) Vtia pioti prodnotioG io oti^ge 
iado.toMeat oM <ii&) ttie p:o<ltie@4 piofis nfo ^ t t o S figrra^trl* 
oaiSjT in 1^^® €«r,r«, al^oul a isHom perpaMiotil^ to ttto diifootion 
of tbs inoitoiit ppite^y psartlol®. a© epioetr^ t^BiAtloa allow®a 
»© to tstimntt tbe @idi@ji giQ^o C^ f^  liitti In i^ioli tlie pastiolo® 
@siittti im the t&rm&e^ imiAB^^mr® &% o©&tmim&9 %1m oeaiaa 
&aBl® £&^ ®Ba% ifi^eraotioii W&Q QulmMUA on tli@ a^iisi^tioa 
t t e t the colMel0i2 w^s of t l^ nnolooii^imolooa t^pe aM tlio 
totaSL eBmfgjt ^ ^^9 intoraotioii wa@ t^ ^ « 6«S i« IL.« fh» 
oaleiilstod wdlan aii#« i«liit@ mm*® fouM to l i e i& tb* 
rausgi lo"* .^ to ! •? Xlo"^ rafilaas. 
Bio nw^^ of r«-ra3r® of oaorgr 2 ^'' ^^« ^ ^ emlttoa 
within B|wio» anaa.© raaio 9 < 10*^ radiaao waa 120 (figtro 8>, 
In the oorsoopoa^ng i^aoo rangOf tho mwlior of tT^^ays of 
oi)«rgr < 50 OOT, was SI as Aiwiioaod in aoetion (4,?)« im 
ohoeri«d angoilar ftiotribnticn of t-^ajro (Hgiro 9) was thon 
oxtraiolatod to ostiaato tho naiiOaer of ir-3rai3re of a l l onorgioo 
82 ^ 
Int^grei ^ssoatitsi fii»eeti"isi8 cf ?«^r^s 
^ C^ev) 
m-> •111 igKii nM}"' 'Ulililillill Hpii IMII >ii»»1 mfmi00<trg;(r¥miifffyfHi\$ifn •>iiiiiii».iifi<ini»«ii'»»""ii.inw«»iiu i 
82 ^ 
l a th» mmleot raagt 10*^ to d^/2 <^^ <^ l^^ «<^ f ^^ <^* mm^r was 
founa to btt €• a%iMr«ff»r«» tbn &ir«r«gt adtiplio&ty of r-srejrs 
with in th« otdlen aii^« wms 
'iSm avwpnm lanltiplioitjr of pione wag «fstmmtea under tlio 
a©@ut!Q?tioii eit«€L fiilJo've ^ nfl tlis aY^nup laitXtiplioity of pious 
per interaotioa WEB 
< J ^ > 
> «i ,« I X ? K 2 « > ( 3 B ^ a ) 
2 
at ', 1^ • 1600 a©V. 
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i^ SCPSSjlQB ABB OOmwnQUS 
Xn tlw pr«etding ehapter» tli@ reotilts olitainta &B tlw 
iree@ist iiiy»»ti^ition» stioli as tranavBTM «>9Kiiilm dilstritmtloni 
fraotioml energsr didtrilmtioii m& !s»2.t&^l0itjr of ir*«Q3r8 oto«t 
i^ r© preaented* In t ^ e cluster %tk.-m remCLts are aimljriied. 
Piimlly sow features of sriiSDry eoaissclG rsgr @p@etriii8 oM hia)^  
©Qorgir nooleair iateraotiuiis are ai^UBned, 
In tlie ©n^ rgsr mngii (470 •» £,100 ae¥, tlie integriO. 
energjr sj^ ectrma of anolear events oan be repreoented t^ a 
power Ifiw (Jl^^e 13) witti eii|»neat 1«!H ^ 0«06, :me eaeraar 
of a nuoUiir event ^ i!£|» ean be transferata to i t e prisrwy 
eoergf £ ttr ufsing the relation i.:^  » 6«$ 7. E^  tfaie Involves 
X^  » 0«43 anA K^  • ^ 3 * 1S>^ eaefermlng tbe energjr epeotrun 
of all Miolei into eairfir 1 ^ neoleoa epeotriiii« requires additional 
inforoBtion on the eheaiosl eos^sition of the priaarjr saolei 
as a fioMstion of energy nMeh i e not availaiae in the hii9i 
•mieff region. 
In order to obtain the inte«rei eneraor sp^stryn of ai l 
nuelei froit the spsetrisft of naelser events i t i s m^m^w^aef 
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t# •stliifttt ttm ehaatgB eonjiotitloii of tf ptimaopf ptirtieitt 
initleting llM oasoaata ia ^M dotaetor, aila ia dooa ligr 
aasmliig tliat at lilgli «mrgk»9 (10^ « 10^ atT)t tha raiatiw 
praportioiia of iprotono* a«p«rtioXai and liaaiisr iiiiota& ara 
aaat ma at low awrgiaa ( < l o ' QoT )• Va Hava talctn tha 
attaiaaetioii laiigth of ooDlaona in aSr to lio 12$ m <»" a»& 
tliair iAtaraotioa langtii to ))o tlia istooatrio imXtio (196 gm oaT )^ • 
'iiam wa hata ©atiaatad lAiat 68 ^ of tlia olnenrad ftuola^ :* avaati 
6 
are &v» to pitim<ey irotoas togotlier with ntelaoaa faroa tha 
intaraotiono of thi^ ao i^otoas isith tlia fitudaphorio miolai, 
1 ^ VTor in tin* aatiartioa of amrgy of aoolaar eiranto ia 
23^4 « ^^ <3 lonOs to ofori^l 90*^ arror quotad hare. SiJha 
^oaa&tioA rata of molaor avanto at liia top of tha ataoa^^h^a 
i^oiuoad W t^e jriaKsry ^otona ia (1#35 • 0.45) Xio"** X^^*^ 
p&r (gm«at«ra4»e«o«)« Me lltoc of protona at tho top of ^o 
atiaoai)hera oaii ha ohtaintd h/ moltiplyijsg tha production rata 
hr ^ o iatoraotion laagth of ^otoaa i s tha datactor (1.56 m osT^). 
Sheraforoy tha iroton flux at tha ^p of tha atnoaphara in tha 
anarir rangt (3«9 XIO^ • !•$ XIO )^ OaV ia giiraa hy tha 
axpraaoioa* 
H ( > II ) - (2.1 • 0.7). I0*2.r^.5* . . . (S . ! ) 
Zt ia aaauMA that tha oharfi ooapoaitioa at hi#i aiurgiaa 
ia saM aa at low aanrtito. Sharaforof i t aaa ha ahown that tb« 
flux of all auolai at tha top of tha atmajlMra at aajr •mtgy 
ia alaoat daaHa tht s^ rotoA flipi at Huit •mnt^ir. (If e ia vatia 
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of aoelti of oHiTfli Z to jproioiMi A%O^ a oertaiii rigidity* 
thOA %h» ratio aboiro tlio o«»i total oiiirgr will 1»o e«Z^ » 
whoro X i s ^^ oxpoAont of ttio powor law r«ir«aeiitiag tiko 
iatogral ensrgr apietmai of oo«»io riur«)« Slaoo a)H»tii Half 
of tliooo lioltiplLy ebargod pm-tioloa aro a-psortiolos and lialf 
ixre haa^ ntioloi* Bms t ^ fXt» of all auoiloi ifi tho atwrg^ 
rt*nm (5#3 XlO'' • 1.5 X 10^) Oe^ f. can IM roiiroeeBtod ^ 
tho exsroiHiion 
K( > ^)m (4.2 • 1.4), 10-2. ir^*^ .• .(5.2) 
n a^n at a l«^ la^ &stred tuo p^imry oonaio ray epeotmn noiBg 
Qalori!S@tc9iD} flo^ J^ D at t>£aieoii eltitu&oe in the eneray ranist 
(SO - 8.X05) 38T tM spootruB can be r.pr.«nted 1^ . B»»«-
law with ©xpoJKSBt r » 1»75 • 0.05. 
ID, ttm hl§i atnir ^  region C > i Xu^  Jsv ) inf arioatioa 
ooaea ftfom tlie data of the (fiiaoltya eMpfOfism&ir^ whore oliowora 
woro d6 too tad meat tbe ma?riiiiBni of Hio doi<»lopMHt» iA tlio 
raA|gi (10^ • 10 )Boir. ttM apoetrtia oan he voire nentod t^ a 
power law witli oxpoaant "^S.l. XA Hie eaarigr raAge (10 •loO^Y 
iafornation oaOLy oonoe firo» the atudsir of the OAOrgar goiAg iato 
%^ aoflOBo ia interaotiofis prodooed hy prisKirar pertiolea iA 
heavy aital«eaBlaioa aeaooihlieo, 9wm otuatioA (^.2) we eeo 
that the |rlB»xy eoaaio rajr opeotriai oaa Oe repreaoAted Ijgr a 
power law with expoaaat t • l.$4 iA the OAorgr raAge 
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(5.5 X i o ' * 1.9 XIO )^ a«V« Bat «Mft amlyclt lias inrolvtd 
a80i3S|;»tioiui atettt tlMi higli •ntrgjf iiiicX«cir interaetione, 
prin j^ry COMBIO ray flpeotrtaa flatt«ii8 in ttit •iiergjr re^on 
fti« awr&^ isiltipllcitittB of T*^ aye flor e'v«»i{l0 were 
aet^filaed in tiie foUowiciiii fSQiuKsr, Qsing tlio p'ooeduro 
<l@©arilie& i£i 3@0tioii 4«6f tlie :ij«r®flia factor of iSm mxAve 
of WBBB ey&ten m& tmm& tb& oeaiaa mngl9 of emissioii # d^g 
witbiii iMoh t&0 partioXoe «Bittod in tlu» fbrwerd Issiaiiiplifire 
lu ttm eeatai'® of laafts qjrs^ m @re (^ntainod ia tlic» taboratorjr 
{QTBtomt wa0 oosi^ted* 4^ 0 oslonletoa "VialttOB of ^jg raii084 
firom 9 Xld*^ raa. to 1.7 XIO*^ raft. A» AMwrilJed oarlitr 
tbe oaaimliis tua© liiaitod to ir^ r^iiys witti ofiBrgiea By>,9o Oe'T 
end aliases © < 10*^ radiant* Bor ovente with ©wg < lo"^ 
radian»», t ^ nui^ ier of r^ r^ajr* with enn^giwe ^ < $0 Q«V* 
was oetiaattd as dowrilwd in stotion (4«3)» For evtata witb 
®l/2 ^ ^ ^^ '^  radianot firstly tlio tamper of V^ rasrs witli 
enirgr B^  < 50 Oof, witliia tbt an^o u < Xo*^  radian was 
tatinatod. ISba oliaorvod anactaar Oislrilmtion iftgaxm 9) mM 
than axtrepoXatad to aatiwita tlia mmlmr of t^ a^jro wittiin 
X/2-tiia anguXar intarvaX XO*^  to 9 
ma oBKbtr of r-^ ajra of anarigr ^ 50 my MA aaittad 
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«orr«8peaftiim MAH vtiMtXf •mem o^ 1*0 XIO^ 0«?« 
im sigii&fioaiit vnriaUon of iiiil%ipli<»itar in tlit narrow 
Timm »f i^ iMrjp oofTAT infuoti^ &ted mis obaorwd, aB««wr« 
tliio •ala« Mgr ^  ooapiitrod with ttaat olitaiatd tr e%li«r «orlc«ra 
aiid tliooo p-oOietoi tyr womm nodtlo. firstly i t i t not oonsigtont 
vitti tilt Itypotliiait tliat tlio aoltii^oitgr aMia«li«» «a aiianvtetio 
mX'sm ia tlw ^T r«gios« Bms as ooasidtrad lyr MidLlietra^ ^^ * tiia 
msa^ fir of oroa^d obargoA ^ortielts < a ^ t > » < » a t > * < « ^ J > 
raaolioo a aattrmtioa valtit of 16 at tiio ppiMtecy %imts$ of 
v^  10^ OoV. '41© prooojtt roiaiiat gitoa at XO^  a«V a valoo for 
^ %t ^ etirad 1^  34 • 6 imieii i s oorteJjEljr not eospitiiao 
witti 16, Tiw? fornola fov total orot^ tod otusr^ ed partiolo 
8iiilti|»lieit3r ^wn lor fal i ^ Fottro^', iris, «^ » 4.t§ • M^ '^ V^  # 
crodiets ti|, «K 44,4 for tiio sriaeiry tiwrir of 2«& Klo^ OoV, 
Ili0 valiw of ti^ d^ riVBd froa tho froatat rowat of total 
pioa SRdtijplioity i« 29*75t otii^ 1« ooiMKld«rat»ljr ImtBc titan 
•JC|Hiotod« iieoonOUr i t would Iw of iatoroot to olMOk tHo 
prodietioa of ^M wiltiporipliiroll aod^ of Aaati ot al*^ 
wm^ voqniroo tlw anltii^eitr to vary aa logtfrithna of 
tiMi iriaNTf •MV«r* -iror tliio forfooot wo i»raiilioo %}m ralatioa 
< 11^  • > • IC log B» at tiio ytimmf wmrgf of 500 Otf wlioro 
Oiiooina ot 0 1 , ^ iMito ototaiaod for i&m ebaratd partiolo 
•altiflioitr * ftfvo of 9*0 ^ 1*0 for iattraotioaa in litliioB 
lirirido obitfH oaa %o ooaaidorod to bo tte jMiolooA a^oelooa typo 
< 1^ • > • S«0» iitti tiuio MrflalioatAoa* oat ooiAd oxpoot at 
tlM fviaavjr •amm »f tiw irotoat oipoviao«t a walut of 19,0 
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for < B. * > • • dafimfl atoTat tbia ia asntn tar too 
omAl oof^ EMsred to ^t* oboervAd v&lue 34 * 6, Finally 
ffccoorfiing to £bwt«r laaS i^ erle&iMi ' t}i« ESQISA tm^mr ot 
otu^ t^A Moon^TiM aa a timetioit of ^MI sriSKorsr enoray 
cun !»• r«preaoiitta ty tli« rolatioit n^** 2 ^^ (L.^  in ooV) 
with a r«is«(9, flufituation cr« o«s o'^ , for ptimwy emrgy 
^. > 25 ^V« ^acordiag to tliia r^latica tls© expnoted msiloe 
o ** 
ot < n^ •¥ > tosr th» pmmw^ mi^Timont i s 36* fiis Taliifi 
obtaimd in tUt pt9ma^ o^periMist vis 34 ^ 6 i s in agre@!B»&t 
with the oxp^ted ir i^ift* 
Jiroot infm'CKitioii on omiti^liQity at enet^gies Wlxm 
2,10 09? 000103 from Qooeisrator ®i]^ «riia@ntfs en groton-piroton 
oollioions (r^Btary tsgr Jacot>)^ '^ »^ la tlis energy ransa (10^-10^)0©? 
ixtfornation io availalalo ftom ttsperiiwttta on toatroiwoiaaleion 
nuclei intweoticno '^ c ^t priaary onorgiies abovo lo QoV 
iadiroot infonapition oft auitipiioity eoasa f^oa the otuSise 
of tilt olootron plioton oos^aont of oxtoottivo air ahc^orsi 
tlMi position of liAioiter Hiociiaiis oan bs ussA to govo infomation 
sbovt tlM nBl.tip].ioit3r of moomkaty mutrai pions, 
AS ossA fros tlM al»vi disousoions ttiat ^is dspsnaenos 
of omtiplioity en %im ptimeatf energy osn h9 represented liy 
ibgariliiBie Im er i^ ^^ l««r, wbm^ ft^ i s tlie p>iii»ry eiMrgy. 
iiMNivsr» ftt liii^ eamgies (^e»ter ^isa lo^ Oev) i t tias bsen 
obs^nred tbftt aiiltiplieity iasreasee aore rapidOly than aj^^ 
« . -aU a. t - U , ^ . * * - . t . - . * . . . . ^ . a n d i - I a a . 
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of wiltiplleitjr mt Ui$^ •mtgi%m WMUPS^S t^mt ^M mcimBiwm 
of iiiiol«oii»iiao3.«o]i Qimnm* at bi#i •ii«rii««« llo««i»r« »t «h«a« 
•iwrgl«9 ititmfmtUa oa oulUplleity oxOjr ooi»» from luieroj^ 
iia9l«its ittt«raot&oa» «r trem tti» 8%«iii«i» of oloola^oB i^toa 
comffomm of oaiEtoiiolfO air abovors. Sli«reforo» llio rapid 
iaereaao of smltipliotty OAB be oxiplaiatdi if vm tmtumm t ^ t 
( i ) tlie of foot of iattr^aooloor OKseoiaiii^  oa fi»atiplieit|r 
io Xi9*^ and ( i i ) priaorjf 0000^ .0 ri^o ooaaiot of heaigr 
aimloi at iii<^ oaftr^oo, Xa ^o foilowiag; «ro t&mXl diaooso 
flow Sesr thees aosigaptioaii aro Ottgipos^ tea Ixr ^10 oxpsriseatal 
&l»@@;>initioas« 
Qm way of oxplolaia:! tlie ri^iii iacreaoo of Qiultip1.ioity 
io to aaauoit W t tho prisry €»»0i9io rajr ooasiot of boa^ 
atioloi at M # oaar^os, lioi»eiror» there i s ao ovidoaoo tor a 
ohaaga ia tlio oo^^oitioa apto oaergioo v^  XO QoV« Sfe«nr« ie 
alao exporifflsatol iiif(»riai^ tioa ateut tho fluotoationfi of tlio 
total aoadbar of olooteroao ia ttie oiiowiro liaviag tlit oaao 
nom o^r of m»wm» Xt io ospoeted that tbo fltiottaatioao will 
tm larfi for irotea sriwrioo aaA «M11 Dor tumff priairioe. 
Adooek ot oX.^^ tmm mamiaaA tlio os^^iata^ai data rolating 
t;o ^Ulo l^attro ani thoir aaaijraio of tiM data of Vtraov ot aX« 
oliowo that tho flaotnatioao aro largar thaa woaild ho axpaotod 
for puro hoaijr priaarioa at oaarsf ^10 £la?« 
fbm oth^ war af oxpXaiaiag tho rapid iaoroaaa of oalt i . 
plieitjr ia to aaatiaa that tho priwrjr anoiaoa ooilidoa 
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amXmm ps^dooiag 8«oiiiiAerjr p^Ueles At •sutli eelllniott. 
^aoh of tbft oeooAAisrjr 9firtlel« nay in turn oellldt witli 
otiMr ittiolfloiia l«a41fig t« an intfiramuiltflr eaea&A*. ffoitr«for«t 
tliit latiltii^lieitir in amh %yp^ of iroeooo \ROuil& obvioosljr!» 
lisri^r than in ciioo of a pro n^looa^miolooa ooilioion^ 
Bmrnmr^ 'j&M-@mmXym ot &]l*^^ imm shown tliat ttio totel 
iwltipliQit<r t^ioo wim tlw atoMo £i»tio 4 df tti« otroolc 
niKilouo a» .-P'^t i^^ ^^ ^^ ^ ^@ (iciriwd troi^ mLg&Fimikt& 
mi^ li^irofpn» orrtocMSf trass ej^ iJiistonr o^al^lon tar^^ts). 
Owrttt ot fO.,^ '^^  bi^ w ula© i^mn a /P*^^ t^m of atomic mm 
dmjes&etm® of oiltipticity* Fcrt&i'rt an is^iortrjst oc^rieo of 
©ensirewnt® &u« l)«on sm6® iQf uieriaa «t fil. using 
m^loona tttm frai^nt&tion witfe €iii@rgii»® ->lo^ G«l^  in ntiolofir 
OMitoions* ^teir roiii33.te atow t&it o£iljr 7 - Q ^ ^ of ttie total 
oner^ lost %^  tb@ ns^loons i s dl3@ip»todi in firtbtr ooUioions 
iuaiilo tbfi EV«rE||» mmXnion msolotss, 1%«r*&for«» tli« offeot of 
int«(rfuitiolo$ir enoea^ins for air mtoloi ivoniia te iptry nKll* 
iroa tlio atevt aiaouoidoa ira oonoltido that tbie •ff«ot of 
ialwranooloar eaosading on naltis»iieity ii» easaXl taaA tlM 
naouavtion that tho prioorsr oooslo riKjrs oonoiet of immf^ aneloi 
at faii^ omrisios io not om^ortod ^ oxptsriBiintsX ohoor^tlono, 
rhKTcforo, tbo ohoer^A rapiA inoroaot of wltijplieitjr eon only 
ho oxplaiJQOA in torse of e ohaa§i in tho neohaniaai of niioloe»» 
amoIooB ittfeoraotlono «t high ooorgioo. 
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5.4. Js58S£g t l IliJ!^:!! 
kYom an asialyttie of fotr t t t i i ^a^ i i t « eira&ta, wbleli 
hci^  a sMftlaa esergar of l&on Q«ir in tlit ir«re^ eoaponont «• 
(1) ilbe (iiff!e«?eDtiisl trajsisverss oonentusi disstribution of 
f-r^y© ie %imn Isy ^ / 4p |^. • ©oiist. exp(-p^|/-p ) , for 
3^ tl* • ^^ ^ ifeV/c. !2h» aesm T-^ ray transversa sojasntem i s 
< p^ « > e ( 2 a * 4^> i«*/o» *'«ii^  c^^eepoaiiG to a mean 
jpioii trnmmtufs wotmnttm < p « > «• C 44X • 28) 15eV/o. 
4irotQ a ooupttTloon of ttm laeaa Talu@ cf tlitiQ pion traneEveri^ G 
jaomejittia obtr^ Jluea in. vtsfiou® ©STJcrac^ atG ia tl:® ro^ 3© of 
prinmry esm^i^cB tt&m i\ fas? QB7 l^^lo 3©?, i t i s oocclu^d 
function of tfco prisrry aiiErsr. 
( i i ) TbiB oota^ned diffet^otitia], f^aotloml. euTg^ distrilstition 
for ail tb0 avi^sts io also oiepoaeiitial ^'mn ty ai/Of » 
eoast« «-*^ A'»153 f^j. f ^ o a '*f^ «ae f « ^ ,. ^^  i® ^« 
fraotioA of the totai f-rsy oiiir^ oerritsd eway 1^ a ir-«?sny, 
( i i i ) SIM imoaral nonontuiB dietribisttion of r«^eys in C«M«S. 
i s in aooA msfmmv^ with an exponontieX i^ aKintuii distribation 
of JWtttrai pioao in C«M.S, tlio pion dietriliutiGfi la 
- — • f •xp<-p{/ie> . 
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wlittrt <l^ ^ i s th« noalNnr of ^iomi wltli aoiaeiitiai in tli# 
C«M«4;« b«tw«oj& |( | ana p | • dp^, 4 i s a oonstnttt aoA 2 
ciuii tM idontifita with tiie timir^m enffrgr of %im pieas 
in tut 2«i£«.:* j%ii VKltMi of 7 coii8i»tQAt mtti tilt ol»serip»a 
8p@otra of tSiA r-^ rays faairo !)o#ii feuad to be 2,l«GoV/o 
for interactions of tm&X^m •mir^ i ^ u ae?« 
(iv) 4^ iatsffisl 68irs3r spootri^ ? ^f thm mtmteit ew&to 
iA tbo d@t;eetor unit oan be r«|r@aeiited 1:^  a posper law itii 
6%poiieiit i«54 • 0«06 ia tm eaergir JPaiiss (#1^2»2 Xlo*> QsV. 
(v) itis {3ria>#^ j oo«aio rs^ speotriea can be r^presaistea tif a 
Eww» lair wi^ oa^imiit ^1.$^ ia tbo easesr Tmm {3*3 X10^» 
(vi) 2I10 laerjs Kmltiplicity of piesss Cclfe^ aie^  no »oil ae 




B - in (J0/J)t •••(I) 
wh@re J i s tti0 inttnaitjr of Xi^t tr@A8aittea ttroo^ a 
s l i t of 10 m vidtli foociBeed on tii© easoaOe ajds OLnd Jo 
iti tho avoragt iatensltijr of ligtit traAsmittea ttaroaafli ^o 
8{U3»» flUitf fooaeood oil regions asiegr from tite oeisoado axia* 
It h&B alrds^r Iwen taoatioDed in aootion (2«3«1«) that tlio 
trmiusBittod l i ^ t vm9 aiXowdd to fal l iistoroittoatly on a 
HCA pbotomtiltiplier tute wli@80 out put ia tura tras fed to a 
oatliodt ray o^illojrapli (OHO) aad time a pijilao «as obseriKid 
oa tha OHO lioraea* m» ptilao hai^t was proi^^tional to tlia 
iataasity of light traafloittod tbroai^ tlia slit* Hm oeatral 
daaaitgr* ii« ia now givoa W 
a - l a ( « ^ ^ )• . . , (2) 
liliara i^ ia tht iHdoa bai#it trisaa tba aOlit waa feouaatd 
en tlw oaeoada aacis aad U^ i« aYaraga pvUm lieight when 
tlia al it waa foeaeeed on ragiotta aeajr ftom tlia axia, 
la order to Aeaaara tlia oaatral densitii'* i>9 plioteaitriealU, 
tlM Alt waa floettMad oa tlia eaeeada axia mnh tlwt i t aaa 
pia>aXl«l to tba mxUm MttwaM rmdgagB ««re taiEaa at lo MB 
B5 
digtfiaett from WM e&mmSm nxis* He Ait wm a&v«d 
fren this axis mM apdn dlff«r«iit readins «i«re tfiicts «t 
1 m«i& aM 2 an Oietaiicrv en • i fb i r fd.d« of His easoad* saaa, 
m« 8^»t aHiaflweiQi&iits mire rmpmMs^ en the l i m a At B anA 0 
oaa@iiSe« 
H ^ t 
- 1 1 - 4 -
liiit IL was tisei in G&a@ of tliia eaeci^ds. I t i^iild tNi atiilioiMA 
li«r« ttet in a l l ^«0t !ii9a«iir«iiiiit0t tlie ipriooa readiiiit diit 
to loeiil mmti\m MTICV or exi^ i^iiiieotis trsoli^ wtro oarotiaiy 
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«MBnMMIMMMMI» a i W 
^ disootatd in Motion 2«3I«2, tlio ai|» tJogL^ of tlio 
omneadOf 5« rolativo to tbo plwsM et tbs oaiaelon will 
l9eA to tim folionlns effoets ; 
(a) ^ho projeot«cl grain Aonsitjr in the plane QS tho oistiloion 
will bo iaoreaaod by a feotor of seo 6* 
(b) iai© lleiiite of ittto^ration for T(x) in equation (2.17) 
will bo ehangoS to ^ 100 Coo u* 
In oraer to aeter^ino tlio dip correotlsn firvOtor« wo bave 
cos^ntet th@ v&luoo of ff*(x> (so© ©ijontion 2,1 ?) for aifferent 
imlnes of &lp ^nglo at tim G&meM moiimam^ la i*ig«17 f (x)/r|^*(x) 
i e plot tod a^ pintirt Sao 4, i!be curw oi;;^  be ^vidod into tino 
paarts* Tim first pfsrt io ropa^oontog bgr ttto osEpreoBion 
-i-—» «• (10.17 J3io 5 • 0.83) for S«c S • 1,0 to 1.6 
and %o otoond bar 
— ^ • (0.1 Soo 6 • 0.9) fosr Soo 6 « 1.6 to 2.2. . . . (2) fUx) 
"f (x) io rolotod witb tbo oontral donoitjr* t^ tbrooali tbo 
following osfToooiont 
D • A.n, 1^  («)» 
9 6 ^ 
H o t ©f J-«*—. vnarew® ; ^ i 




«li«r« A is ttMi «r«» ot tlM tevtlo9«a grain in ^ i ^ AAA n 
i t tlM 9r«ln doAdtiy 9«r ai«reii of rtl&tivistie •l«etroa 
traelm* m» oentral dttosity of a •Moad* haviiig a Aip 
anipLt 6 can )i9 giimn l»jr tua foXloving axpras^oa 
jj i* • A.a. •(«) S»o 5 
^tVHa mmm «* .111111 Knnwiimwi" mtiin 
ail»sUtQtins til® mklm of "•'- • fiPOB (l) eafl (2)» wa 
•(a) 
D « a* (oat* 0#a5 Coo 6> f©r iiieo 6 «» l.o to 1,6 
. . • (3) 
S « i»CO.X •0»9 Cos i»> foil' See u ^ 1.6 to 2.2 
. . •(4) 
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She eolleeting po»«r B^ (o»^»sttraa*flio») of Hit mBBmhl^ 
for %h» i tb tifpo of o^ rontt lo dofinod &• 
wte0 14^  18 mm mmh«t of « » ith y^po of oi^ntt doteotod. 
X^ (gvOsT )^ ie the Intoc^aotioii leisg^ of ttte nuotear aotivii 
partidea in ^ o appropriate laatflriel and B|^  (mmjiber par 
g,ftt«rad«8{}0*) i s the ^vodisfition rata of Vb» ith typo of 
Qfonte in tlii@ UBtoriel at tte top of tbe stiaospliiro, 
ZA tho i^tlMwingf tbe calotilatiosa for ocyllootiiig ponoro 
are flret deeerilwd £»r a hjrpotbetioal ona diiaeiteioiml asoeaiay. 
Xlieee oaloalolioiie eau ecisSly te e3cteii3ed -to oo'ver tlie actual 
three diaoBiitoaal eaee. 
« — W — I t in M •••^••••••••••••WMWtMBWWlMll iai lMi >• /K 
II i w w i w — t w w w n '—i lajnv 
330P Of the ataeephere 
ff«ea*^ ataoephirio depth 
g«e«*^ path length i s irodtwing 
I IW»WilWWi»Wi<« si 
S*9tr^ path leagth in the 
deteeter 
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A» ilMHiii aOlitsmtioalljr fit»v«« !•« tli* ttoiokmMi of HM 
air (fiteirt tiM» ftt0«mbUr)» produoiflK lajor aaA a«t«o«or tot 
Xfjr and > (s«ea*^) rtq^Uvtljr ; oad ^ » ^ t QUA X^ Cg^ ovT^ ) 
IM tiMi oorr«8i»ii&liig Man fr— patlMi ia olr, pvodttoiag 
ligrer and dtt«iitor rtapeotiiriljr* Xba flux of moloar aotivo 
partloieo an^ li»nee Vb» t*^^ mme9 i s aaouaod to IM 
attamaatad oj^nontiatljr witb an aHaorptlon ai«tn f^ae path 
A s^ onT *^ Xiit A iow?) !» tbe aroetd of tim &&mttSbly» 
(a) collaotin^; i^per for iteoloixr mtoraotlona in ttaa ^t«otor« 
me p^oliaMXitir t£uit a ptrtieio paeoas ttiroiigti x g.«a"'^  
of air vittiout 1»ing attanoatod » axp («»i/Ai« 4i« p^ otialkULity 
that i t ftrthar paaaaa ttaroosti ^ g.on*^ of tiia producing la^ ror 
witlioBt intiraotii^ » ta^ ('jr/i^)* and Hie irotmbiXity of 
intoraoting ia <^ datoetor in langtii <»*ao) g,o»"^ «* 3.«*axp 
(•(»<»90)/X^>f whesra ao i s tbo iBtntWBBt iangtii aaoesttarjf for 
tlii aXeotrosiagaetio oasosda irodnoad tijr tbi, inlisraotion ia 
tlia dataetor to raaeli maTinHiw davalopaant, Banoa tf mmH»r^ 
n^» of iataraotiag naoloiar aefiiira partiola in tin dataator 
ia ralatad ffith tlwir prodnotion rata par gram at tha top 
of tha ataoaphora* Rj^ t tgr ths axpraaoioa 
*i • ^i d^ * " ^ (•H/A).«xp (-y>\) (X-HMtp (-al^)/^^) 
^iMtitiitiag 1^  in agnation (1>« «o p t tlyt ooilaoting poaor 
for aaoionr iat«raotioaa in tha dataotor 
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(b) OoU*otiiis somt for meil^sop Xnltraotioas in tb» 
of i&imtmtin$ in tlit prDftaoimg ligrwr of ttiloktit«i jr f.oa*^ "* 
l«exp (••jr/A )^* HitroforOf ^« utanlNirr of amtmae interaotioao 
ooonrriiig JUi tlie p^ rodiaoii^  layer i s 
i^3if» afttiXabXo pa^ leag^ in tbo aeteotor WB» auffioient to 
develop* t}m onoDadoo ane to interatst^ons in the frodDoimg 
iciiyort to tbolir laaxliaiiio. Sabotittitiiig M^  in oqimtjlon (X)» 
wo got tim oolleotieg igo^wsir for jmteeia? istsaraotioiui ija Hbo 
ptodooiiog l^rero 
Sg • A oacp ( - V A ) ( I - txp (-y/^,)) ,• .(3) 
(o) Oolloetlfig i>oifer for r*«'«yo f^ om mtsHmsc Xntoraotiono in 
tlw Ataoiplitro« 
fbt fl«3C of r-rayo ood oloetrono at a depth x i • givis 
by 
M i t ) - ^ . / *XP(-XVA ) f(*-x»> dx»t . . • ( • ) 
• ' x»»o 
olioro f(x->x*) doioriboo tbi attoaaatioA of tbo oleetroaagmitlo 
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r«4i«lloA to«tiMNMi it» ireiSiiotioa mt a ^ptk z* and i t s 
A«t«o%ioB At ft Atpth X. 
SBlnl& a^ t9 tlm diffiuiSoii t t^t ion for tatotnroiaeigmtle 
raaitttliiA tmAcr npiroxia&tSoA A liavt IM«II ^ima by Hossi. ^ 
Xa tilt oase whta tli« flux at t « 0 oomiata o«Xjr of ir«4ray« 
with ft power %&» emrgf speetroA of iaftfix 1)9 %h® flux of 
t^ a^ ays oiitd olootrons at a Aop^ t I s 
f (B,t) « f (%o) [ a «xp (X i t ) • b ©iQ? (Xg t ) l . , . (5) 
wUwQ a*b» ^ aufi ^ ar@ f^ meti&Jie of 1 • ai»ifltled that tlio 
prodootioA opectma of f«<srajrii ia a power Xem wli08@ iMox doae 
mt otmnge nl%h «loptli» i& tho a^Boeptiere» wo ooy tioe tbia 
«ilGtioii witai t • ao»x* in ovfeatiatijsg tbe intone! ia aquation 
(4)» tlia np»o%ra of elootromgoatie avonts obaonma In tMe 
and otbar ai^iariwnita aro wall approxiaatad l3ir powar/ althou^ 
ttmro ia aont iadioation tbat ^w axponoat eiiaiigea elowly 
witH tba dop^* Howayart tbr x < ICX^  ^ •en'^, JfAx) ia vary 
iaaaiiaitiva to tlm valua of p uaad. wa obt^aaad tha following 
axpraaaton for tiia flux of r-^ raya (oaibor par o&f atarad.aao.) 
at aa ataoaplMrie dap^ of x g*o«*^ » 
Y « > • 4^'^ f* •«» < V ) • H axp ( ) ^ ) • (OfH) axp(-x/A )J . . . (6 ) 
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flnui iiell«etlj|g pewcr tor atnospbirie fa^atys i s glvsn t^ 
Sj •» Jt A [»tJKp C x^)'*' H 0X9ia^MQ«^H) SEP ( - V A )1 
Tim GoXleoUi!^  pow«r liaa IMNIII oalotaatta fbr four diff«r«iit 
TftXntt of atteimtitioii l«iig^ (100»XlOfX20 aoA 125 g»0B" )^ 
onft i s ^ven ^ tlui o^iXovring (uortsaioiit 
Sj (ioo) «»^ Ap.oue ©xpC- . ^ ) - 3.100 ««p( - —— ) 
'^ L IOC TL«6 
X -J 
• 0.099 «xp ( - — — ) I •••(6) 
2D.95 J 
^ ;^ ^ n o 71.6 
• 0.055 ©;^ ( • " - - ^ ) I •.•(9) 
2C.95 J 
A . ^ . * 
S- (120) • Z: 4 1,769 expC- - ^ ) • 1.816 «xp (• - — ) 
^ ; 120 71.6 
• 0*047 «xp ( . - — . ) 1 . . ,(10) 
20,93 J 
S, (125> •- A 1,599 9X9 (• ~ ) - 1.644 txp (- — ^ ) 
^ /V ^ ^25 71.6 
• 0,045 txp (• --i-« ) 1 .•.(11) 
iNT tMHiA natm AiiMHiaioml emst tb»it mEfffwieim for 
ooll«««i4g fQiitrs wr* itt^«rat«d ovtr ^M Miid gioMtry of 
«lio ooeoriUljr onA ov«r HM •poeo aiid.oo ollowod ^ tHo oolootloa 
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oritcrlA. ttmm oaXoiaatioiui w«r« pwttorwBA BwifarloaUjr over 
80 gtO*"* 
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SttUiMtioa of tte Jianbtr of r«-riiro with 
•matsf < 50 OtT predoood in iAtoraotloiio 
In ipfs^hito prodootr 
Xii ordKr lEo ootiaato tlw immber of t^-rnyu with ooirgr 
< §0 Ooff titt ttunflverso taoment&a aimetrusi of n^  atsons wae 
mmtmrnH to tit ^vim bjr tiie rotation 
for a ^Toti ViAtio of p^^ for tho tt^ HMOoiii tlio transvoroo 
ffioiatiitiiiiif p^ f of tlio iroiaced X^^W i e c^  fmiDtJeii of m^  t0» 
and ^ and ia» gt^si 1^ tlio rolatioa 
4 | i | •• pfj^  (UOOB a)^* B .^ ain^ 0 • 2p^ a^ d^+CoB ^)3ia9A>«^ 
..•(2) 
wlMTtt a^ is tlM ro«t aiUMi of tuo «^-aio»a mO. @ and 0 are 
tiM polar fload ftsinotluii «&|9.eo of ^e dirootlea of t«rajr- ia 
tM x««t fraoe of tlio ^toat peliir aadlo boijaig i a Hio dirootioa 
of aotlea of tito pioa, Hio p^^ diotrihatloo ia tlio iatorifid 0-9 
OoT/o woo diiridod iato 90 iatorvalB, Oorvoopoadiag to tlio 
oforofo VBlao of p^^ ia oacb of thoot iat^rvtilot 100 valiioo of 
9^t oonroayoadiag to 10 intorYiao ocoh of eoo 0 oad »^ «tro 
gomratod* tim aovmliood diotrilwtioa of tlio 900avalttoo of 
9^ m soaoratod io ilMoa ia Fifiro l e , ftm ealoulatioao woo 
104 ^ 
"••w^^wMwwm?* lll*NMlhMilllUill]| 
^ NUM®«K PiR myfc 
•~ ••••' <' ' " I * wi ""•^"••iwawfciffir''•'!••'''f'' «'• 7 
fHIII* III numifmimmmim'm^ ,, j i l iiiiiiijUliilil IIIIT-T-T r ' ' [ '" I 1"^' 
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jptfiRsi'sid MSMMcilOfliXlLjr on & oomwtflsrf 
mis dii«tarlta>tioii «ra» uMd la oonjuetioii vltlk 
tigertt 10, to ftatin&tft tlit mnitr of r-vajrw willi 
JL. < 50 OtTf ao dl0Oii«8«d In 9«otioii 4*3 • 
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of MbatnttuB ^otoK 
it aaoixjiio tbat tho sioiae&tiai distoi^tloA of «® at sow 
in thB C.H.S* is glvoii V tin roXatioiz 
mglootisg tlie rest OEMIO of tslie pion in oosip&rle on with 
i ts ooiaoatiiiiy ttm aoslier of r«^ i^ ® wit& sioiaeattiiBi pjT goiuratod 
froa ttm deeay o* th© -t® noaow will te 
Sa^titeting for dijpf ) I ^ B ix)f wo ^int 
II I ^m 
Wnttiag py? • s« iro hscn 
iBlOfiratiae within linito p* and si no ha^ 
. . .O) 
2A •• _•• « 
•all 
2  «• •* m « 
puftUng - -^ • y t »F® f i t 
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T 
• 2& gCy) • 2k l igC^/ 2> . . , (4) 
l^i<0 ftnntiloii 1^ hn@ hma eostput^a f&r t!i@ ^ l a e of Hie 
orsEffSOt ^tmmm 0-10 l3y «MBsoffe (13^1) t tlmoB tateles ©©re 
«s«l to m the elW8r«,a vf sp.c-*um «hom 1.. agure X6. 
108 
fSba muUifie*B ^rut^fta tluuUoi i«r« don to liis guiajLng 
arofowaery £>rof«tMr %• S. awMilt fur aiq^Tla&iiK th» 
work fr«fi0{x«ed in Miis t;&«ai«i tmMim ^mumiom at «].l 
etBps ef tfes @orkt i&ving mxvt umf^ nugietiitlocie ana 
f 4ii"lXaf rtii^lns tlreu^i the atuntsoript m-itiofoia^, m in 
thuMvH to if^ f^naaer d, .'.« R, Smn and i»n>f«8ior Haie iaao&A 
for tlmlr idLM i i^rsgt ;iM eaootffm t^aeitt at Mitvrent 0ttiiB8 
ef t^ .« jpreiseist '^Mmk &M lit Is alao tfeaiikftjjl to k^ of4»8@or 
M* ;»lttKfi fc^ isteMia^ tG bis tl»t ftuiilitii® of ttie emasioa 
WB tmtt^ SM ^fitefia. to iV&tmmr ^ • •!« ;.eMsi«l of 
I* I« c« ]^ « ao]Qlm3r» wlio lofuoia to im ^# amtia^^^iiioxi 
ass^MMj ttiMfti in tli« ^ra^at iixtiseti^tiozt, 
la tlM» oetirMi of tlui srostat iiork tho atitliQap oc^ oyvA 
tiM oolIatorAtion of iir« B« Busftji^  Mr« i)« .H, AiBanna aall 
ik>* s« 0« «roir»« 9B all tttoot eolXatercitoro tlio ftiitlior i s 
AAoplj inAolitoA* 
fho atitlior** tlMmlES ^m duo to «ir, iu fiaoojs for tlio 
fianreil mgitotioos anAo ia gsiag t l reu^ ttMi tliotio* m Xu 
tXm tUmakivd to llr. H* HMMUI wlio Offfriod out tho atronooBO 
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